








The members of the. British Cardiac Society dedicate this number to Sir John Parkinson with 
admiration and affection on the occasion of his election as an Honorary Member of the Society. 


SIR JOHN PARKINSON, M.D. 
BY 


PAUL D. WHITE 


It has been my good fortune to receive an invitation to write this foreword for the number of 
the British Heart Journal dedicated to Sir John Parkinson. Not only do I represent the vast 
number of his friends all over the world, but I voice a widespread opinion in the simple statement 
that this man has exerted with the utmost modesty one of the most important influences for the 
good of medicine in his time. 

It was a great privilege to become acquainted with John Parkinson when we were both working 
as young medical men in London nearly forty years ago. He was assistant to Sir James Mackenzie 
at the heart clinic at the London Hospital and occasionally Jonathan Meakins and I went over there 
to listen and to learn when we could find time from our research work at Thomas Lewis’ laboratory 
at University College Hospital. John Parkinson’s zeal, ability, and charming personality at once 
attracted me, as they did so many others, and from the day when I first met him in London, the year 
before the First World War began, hardly a year has passed without our meeting either in Europe 
orinthe U.S.A. Friends from many countries will remember with pleasure the charming hospitality 
of Sir John and Lady Parkinson at Devonshire Place and, since the war, in his beautiful house and 
garden at Hampstead. Our friendship has grown with the years. Nevertheless, despite the 
affection that I have always felt for him, I am confident that I can view objectively his lifetime of 
medical accomplishments. 

Of all the physicians that I have met none has so well exemplified the highest type of three-fold 
service—practice, teaching, and research. An ideal practitioner of medicine in his special field, 
he has numbered among his patients many of the world’s leaders, great men and great women, 
while at the same time he has devoted as much care to the sick who were poor and needy. Always 
he has had a cheerful word for every patient in bed at hospital or at home, in out-patient clinic or 
in his consulting room. Happily he will continue to give his patients the benefit of his great 
experience and wisdom, and his friends hope that he may have more time to devote to his roses and 
thododendrons, and perhaps to a resumption of his former interest in the art of painting. 

\ clear and forceful teacher, John Parkinson has taught and inspired thousands of medical 
students and physicians in both formal and informal classes, mostly at the London Hospital, but 
also at the National Heart Hospital, and in other clinics, not only in Britain but in foreign lands too. 

nong his clinical assistants who later became associates in teaching and research and finally 

» held important posts of their own have been D. Evan Bedford of the Middlesex Hospital, 

ted last autumn to represent Britain on the new International Council of Cardiology, Maurice 

\pbell in charge of the cardiac department at Guy’s Hospital and editor of the British Heart 

nal, and William Evans, Parkinson’s successor at the London Hospital. 

)ne of the organizers of the British Cardiac Society, he has been a source of strength to the 

d development of the speciality of cardiology in the British Isles. One of the three European 

ibers of the first International Cardiac Council (Professors Laubry of Paris and Nylin of Stock- 

lm were the other two) he helped to organize the first International Congress of Cardiology and 
unch the new International Society of Cardiology, both of which events took place in September, 

), in Paris. He was elected the first Honorary Member of the International Society when he 

ned to be a candidate for office. 

a clinical research in the field of cardiovascular disease John Parkinson has, from his early 

with Mackenzie, made numerous sound contributions. He has been particularly interested 
inical roentgenology and electrocardiography and several of his papers on these technics are 
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already classics. The syndrome of congenital atrial septal defect interested him greatly and he 
published an important paper on the subject with colleagues in 1941. The radiological features 
were fully described and the paper helped greatly in the wider recognition of this condition. 


Cardiac Infarction and Coronary Thrombosis (with D. Evan Bedford), Lancet, 1927, 2, 1012. 

Successive Changes in the Electrocardiogram after Cardiac Infarction, Heart, 1928, 14, 195. 

Bundle Branch Block with Short P-R Interval in Healthy Young People Prone to Paroxysmal 
Tachycardia (with Louis Wolff and Paul D. White), Amer. Heart J., 1930, 5, 685. 

Electrocardiographic Changes During Brief Attacks of Angina Pectoris (with D. Evan Bedford), 
Lancet, 1931, 1, 15. 

The Size and Shape of the Heart in Goitre (with Harold Cookson), Quart. J. Med., 1931, 24, 499. 

The Radiology of Heart Disease, Brit. Med. J., 1933, 2, 591. 

The Heart in Emphysema (with Clifford Hoyle), Quart. J. Med., 1937, 6, 59. 

Cardiac Aneurysm (with D. Evan Bedford and W. A. R. Thomson), Quart. J. Med., 1938, 31, 455. 

The Radiology of Rheumatic Heart Disease, Lancet, 1949, 1, 895. 

Atrial Septal Defect (with D. Evan Bedford and C. Papp), Brit. Heart J., 1941, 3, 37. 


Rheumatic fever has received much attention from John Parkinson and he has been helpful in 
instituting researches and public health programmes in this disease which has been so prevalent in 
Britain in the past. The following papers are among those on this subject. 


The Heart and Its Rhythm in Acute Rheumatism (with A. Hope Gosse and E. B. Gunson), Quart. 
J. Med., 1920, 13, 363. 

Rheumatic Fever and Heart Disease: Harveian Oration, Lancet, 1945, 2, 657. 

Early Diagnosis of Rheumatic Valvular Disease in Recruits (with R. Hartley), Brit. Heart J., 
1946, 8, 212. 


Arrhythmias also were always an interest of Parkinson inherited from his early days with 
Mackenzie. Examples of such interest that have been helpful in the clinic are the following. 


The Course and Treatment of Auricular Flutter (with D. Evan Bedford), Quart. J. Med., 1927, 21, 21. 

Paroxysmal Auricular Fibrillation: A Record of 200 Cases (with Maurice Campbell), Quart. J. 
Med., 1930, 23, 67. 

The Electrocardiogram of the Stokes-Adams Attacks (with C. Papp and William Evans), Brit. 
Heart J., 1941, 3, 171. 

Repetitive Paroxysmal Tachycardia (with C. Papp), Brit. Heart J., 1947, 9, 241. 


Finally, much attention has always been paid to therapeutic studies. Parkinson was a pioneer 
in calling attention to the value of epinephrine in the treatment of Adams-Stokes syndrome. 
With Clark-Kennedy he early stimulated the English speaking cardiologists to use digitalis in the 
treatment of congestive heart failure in the presence of normal rhythm. Until then the Engl sh 
school was still largely following Mackenzie and Lewis in the limitation of digitalis therapy to 
patients with atrial fibrillation and flutter but Parkinson found that this drug did help some ca-:es 
of failure who had normal rhythm. Another useful paper recorded the experience of Parkinson 
and Campbell in their use of quinidine in the treatment of auricular fibrillation. 


Adrenalin Treatment of Adams-Stokes Syndrome (with A. G. Phear), Lancet, 1922, 1, 1933. 

Heart Failure with Normal Rhythm (with A. E. Clark-Kennedy), Quart. J. Med., 1926, 19, 11>. 

The Quinidine Treatment of Auricular Fibrillation (with Maurice Campbell), Quart. J. M d., 
1929, 22, 281. 


This foreword is a very inadequate summary of some of the accomplishments of J hn 
Parkinson. Most important of all has been to know the man himself, to appreciate his endown 2nt 
with the divine fire handed on through the ages from the torch of Asklepios and Hippocrates th-m- 
selves, and to come under the influence of his calm and kindly spirit. 











, 


att ia is 





G 
be 
in 


to 
in 

on 
tra 
bo 


do 
che 
pul 


all 
to « 
the 
ary 
phy 
fir; 














THE ANCIENT ART OF FEELING THE PULSE 
BY 
D. EVAN BEDFORD 


Clinical Assistant to Dr. John Parkinson, National Heart Hospital, 1924-33 
Paterson Research Scholar, Cardiac Department, London Hospital, 1926-28 


Based on a paper read before the Osler Club, 1949 


The Ars Sphygmica or ancient science of the pulse dates back into antiquity to long before 


Galen’s time. It is probable that Chinese and Hindu physicians were skilled in feeling the pulse 
before the dawn of Hippocratic Medicine, and Oriental pulse-lore appears to have developed quite 
independently of Greek influence. 


CHINESE SPHYGMOLOGY 


According to legend, Chinese sphygmology was founded by the Emperor Hoamti who is said 
to have been the author of several books on the pulse about 2500 B.c., and to have been very skilled 
in the art. Knowledge of Chinese pulse-lore was first brought to Europe by Jesuit missionaries, 


one of whom, Father Boym, translated the books of Wang-cho-ho on the pulse in 1652, and this 


translation was published by Cleyer in 1682 in an illustrated Latin work. I have not seen Cleyer’s 
book, but I possess the French translation of Wang-cho-ho’s Secret of the Pulse, by Father Hervieu, 
published in du Halde’s Description of the Chinese Empire, and good accounts of the Chinese pulse 
doctrines are given by Floyer (1707), Menuret (1768), and especially by Ozanam (1886). Wang- 
cho-ho lived during the Tsin dynasty, several centuries B.c., and he refers to other works on the 
pulse both ancient and modern. 


&e eo 


Fic. 1.—Chinese pulses after Cleyer. (1) Cuncorresponds to upper 
part of body, palpated by ring finger. (2) Quoan, middle part 
of body, middle finger. (3) Che, lower part of body, index 
finger (from Ozanam). 









he Chinese physician visited his patient in the morning, before taking food, when free from 
all -.res and distractions, and he was enjoined to banish all other thoughts from his mind in order 
to c ncentrate on the pulse. This was important because the pulse was timed by the respiration of 
the »hysician, four pulsations to each respiration being the natural rate in adults. The patient’s 
arm having been placed on a cushion, the pulse was then palpated at three separate places by the 
phy ician’s index, ring and middle fingers respectively (Fig. 1). At each site, light, moderate, and 
fir’. pressure was applied in turn so as to elicit the superficial and deep pulses. The pulse was 
exxmined at both wrists, the physician using his left hand for the patient’s right pulse, and vice 
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versa. All the permutations of these six pulses could not be hastily interpreted, and we may well 
believe that the whole performance occupied several hours. 
Each organ had its proper pulse and different organs prevailed at different seasons. When a 


particular pulse appeared at the wrong place or in the wrong season, a serious disequilibrium of 


the system was indicated. For example, in spring the pulse of the liver normally predominated, 
and to have the pulse of the lung at this season was mortal; to have the pulse of the heart was less 
serious as the heart was regarded as the son of the liver. Thus to judge the pulse it was necessary 
to know not only the pulse appropriate to each organ but also the official pulse calendar. Prognosis 
was determined with great precision from the pulse and there were no less than 16 pulses indicating 
death within periods of 24 hours up to 5 years. Indeed, a virtuoso of the pulse such as Hoamti was 
reputed to have been able to forecast the time of death as far ahead as 30 to 35 years! Pregnancy 
could be detected by the pulse before other signs appeared, so that there was no need for an Asch 
heim-Zondek test in those days and, moreover, the sex of the unborn child could be determined, as 
later Avicenna professed to do. 

The various pulses were represented graphically by symbols or hieroglyphs representing, for 
example, the jump of a frog, the tail of a fish, drops of rain falling on a roof, and so on. While 
relying mainly on the pulse, Chinese physicians also studied the patient’s features and complexion 
and, sometimes, they inspected the urine as became customary in Europe in medieval times. It 
was not necessary to interrogate the patient, as the symptoms, the organ affected, and the prognosis 
could be decided entirely from the pulse. Chinese sphygmology was certainly not founded on 
clinical observation, and amounted to little more than a mystical practice which was handed down 
as a carefully guarded secret. In so far as it involved a determination of the diagnosis, prognosis, 
and treatment from the pulse alone, it does not differ in principle from the Greek and Arabian 
doctrines, and we may note in it the germ of later ideas such as the organic pulses. 


INDIAN SPHYGMOLOGY 


The art of feeling the pulse was highly developed amongst the ancient Hindu physicians who, 
like the Chinese, dated their pulse-lore back to a mythological antiquity. Susruta (Sth century A.pD.), 
the Indian Galen, though most renowned for his surgery, is depicted feeling the pulse in Fig. 2. 
Some account of Hindu sphygmology is given by Wise (1845) and by Gupta (1901), and I have 
the English translation of a Sanscrit work on the pulse by Sage Kanad, published in Calcutta in 1891. 

Like the Chinese, the Hindus laid great stress on not only the patient but also the physician 
being at ease. Thus Sage Kanad said that the time for feeling the pulse was “ in the morning when 
both the physician and the patient, after performing their respective morning duties, are comfortably 
settled; the former should feel the pulse of the latter.” The pulse was felt at the wrist, on the right 
side in males and on the left side in females; in the case of eunuchs a nice discretion was necessury 
in selecting the appropriate side. The various pulses were likened to the motions of animals sich 
as the serpent, the frog, the swan, and the peacock, etc. Diseases were attributed to eccentrici'ies 
of the three humours, namely air, bile, and phlegm, which were duly reflected in the pulse. Tus 
in a disturbance of the phlegm, the pulse was slow and heavy like the motion of a swan or peacock, 
while in a distrubance of the air, the pulse was like the motion of a serpent. If both humours were 
at fault, the pulse exhibited both motions in sequence. If the two motions occurred in reg ilar 
succession, the disease was easily curable; but if they occurred irregularly, cure was likely to be 
difficult. The pulse was particularly important in fevers of which there were many varieties, »ut 
it was also useful in other diseases. For example, in diabetes (honey urine) the course of the p ilse 
presented occasional knots, and in piles it was depressed in the middle, quick, and zigzag. I hus 
in India, as in China, sphygmology was practiced in a purely empirical fashion and while the'e is 
no reason to suppose that this wisdom of the East was influenced by Greek ideas, there may ‘.ave 
been some link between the two via Persia. In Alexander’s expedition to India, it is said thai the 


ats natal 











1US 





eee 








7} 


THE ANCIENT ART OF FEELING THE PULSE 











=P 
: i. 














v 











(AQ a 
SS JAS . 32 i 
' * : « 
; Se 7 ‘a “ ee »\ 
| °F, (a, 2 i 1 Ss . : 
V5 ; f ee, re ‘ay -¥, 
a 
S A. { - 
SS 
a 
4 = — > ! Tr L- 
ON sgh Ss PEAS) 
{eo —_ : ~ Ue a / 
LL Ae oS 
; ie g . = 
> 4 ‘ aa ¥ x . ,* = 
aerneennemmemeds 





Fic. 2.—A consultation by Susruta, the Hindu physician, who is portrayed 
feeling the pulse. 


Editions Payot, Paris. 


n physicians were more skilful than the Grecian in curing snake bites in the troops, so that 
interchange of medical ideas probably occurred. 
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The important authorities on the pulse before Galen’s time were Herophilus, Archigenes, 


From Castiglioni’s L’Histoire de la Medecine, 


GREEK SPHYGMOLOGY 


is unlikely that Hippocrates actually felt the pulse at the wrist, though he observed the beating 


\¢ temporal arteries, and Ozanam cites several references to the pulse from the Hippocratic 
Works, 
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and Rufus of Ephesus. Though the treatise on the pulse of Rufus is preserved, we are mainly 
dependent on citations by Galen and later writers for our knowledge of pre-Galenic sphygmology. 

Herophilus (4th century B.c.), an Alexandrian physician and anatomist and a contemporary of 
Aristotle, is regarded as the creator of ancient sphygmology. He believed that a knowledge of 
both music and geometry was necessary in order to interpret the pulse, and he paid great attention 
to its rhythm or cadence which he likened to musical time and measures of verse, a method later 
revived by Marquet in 1747. By rhythm was meant the relative duration of arterial expansion 
(diastole) and the pause (systole) (see p. 427). In old age, he found the systole five times as long as 
diastole, whereas at birth they were of equal duration. He recognized four main qualities of the 
pulse, namely its size, frequency, force, and rhythm, and he is said to have timed the pulse by a 
clepsydra or water clock. 

Archigenes (1st century A.D.) was born in Syria and practised in Rome, and his treatise on the 
pulse was evidently regarded as important by Galen, who cites it repeatedly. According to Darem- 
berg, he described ten varieties of pulse as determined by (1) the quantity of diastole, (2) the quality 
of the movement, (3) the intensity of the force, (4) the quantity of the beat, (5) the duration of the 
pause, (6) the consistency of the artery, (7) the equality or inequality, (8) regularity or irregularity, 
(9) fullness or emptiness, and (10) the rhythm. It should be pointed out that equality or inequality 
applied to the individual beat. 

Rufus of Ephesus (2nd century A.D.) wrote an excellent treatise on the pulse which was pub- 
lished in early Latin editions of Galen, but it was identified by Daremberg as pre-Galenic and 
attributed by him to Rufus. The French translation was first published in 1845, and later was 
included in Daremberg’s edition of the works of Rufus (1879). 

Rufus recognized that the heart was the cause of the pulse which he defined as the diastole and 
systole of the heart and arteries which alone have a sphygmic property. He also recognized that 
the arterial pulse coincided with emptying of the heart and filling of the arteries. He dealt with 
various kinds of pulse according to age, in fever, in diseases, and finally with the pulses named by 
ancient writers. At birth, he found the pulse small like a needle-point, so that it was impossible 
to recognize systole and diastole. He remarked that the pulses of pleurisy and pneumonia differed 
so little that only a physician of great experience could make the distinction. He recognized the 
size, quickness, fullness, and rhythm of the pulse. He distinguished the quick pulse that recedes 
rapidly from the finger (collapsing) from the frequent or as we say rapid pulse, a distinction fol- 
lowed by Galen and subsequent writers. Rufus mentioned a number of the classical pulses such 
as the myurus, the dicrotic, the caprizans, the formicans, and the vermiculans, all of which Galen 
described in detail later. 


GALEN 


Galen (A.D. 131-200) (Fig. 3) must rank as the foremost spygmologist of antiquity, indeed of 
all time, not merely because he wrote more books on the subject than anyone else before or after 
him, but because his teaching on the pulse dominated clinical practice for about sixteen centuries, 
and until long after Harvey’s time. He enjoyed an enormous practice in Rome where he was famed 
for his skill in interpreting the pulse, and where it was said that Apollo prophesied through the 
mouth of Galen. It seems unlikely that his office of surgeon to the gladiators at Pergamos was 
conducive to a study of the pulse, and he probably acquired his knowledge of it during his years of 
study in medical centres in the middle east, especially at Alexandria, the traditional birthplace of 
the sphygmical art. Some of his books on the pulse, notably his commentaries on Archigenes, have 
been lost, but the following 18 books which have been preserved are regarded as authentic. (For 
bibliography of the Latin editions of Galen, see Campbell, 1926.) 


(1) Treatise on the Pulse for Beginners. 
(2) Four Books on the Varieties of the Pulse. 
(3) Four Books on the Diagnosis of the Pulse. 
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(4) Four Books on the Causes of the Pulse. 
(5) Four Books on Prognosis by means of the Pulse. 
(6) Synopsis of sixteen Books on the Pulse. 





Fic. 3.—Claudius Galenus (a.p. 131-200). The 
greatest sphygmologist of antiquity and author 
of 18 books on the pulse. Reproduced from 
Hamilton Bailey and W. J. Bishop’s Notable 
Names in Medicine and Surgery. London, 
H. K. Lewis, 1944. 


According to Brock, Galen was a master of 
language, using a highly polished variety of Attic 
prose with a precision that is difficult to reproduce 
in other tongues, and this may explain the obscurity 
of some of his theories of the pulse to those of us 
who are not Greek scholars. No translation of the 
Greek or Latin versions of Galen’s books on the 
pulse into a modern tongue has been published, 
though Broadbent gave extracts from the treatise for 
beginners (Libellus de Pulsibus ad Tirones), of which 
I possess Latin editions of 1531 and 1575, and a 
complete translation kindly made for me by Dr. 
Worms and Mr. Rasp from the Greek and Latin 
texts of the Kiihn edition. Fortunately, we may 
consult the works of scholars of the past who have 
especially studied Galen’ pulse doctrines, the most 
valuable of which are Paulus Aegineta On The Pulse 


from the Works of Galen, translated by Francis 


Adams with commentary, Daremberg’s notes appen- 
ded to the treatise of Rufus, LeClere’s Histoire de la 
Médicine (1723), Wetch (1770), Gruner (1775), 
Menuret (1768), and Ozanam (1886). 

Galen defined the pulse as a double movement of 
the artery consisting of expansion or diastole, and 
contraction or systole, the reverse of modern termin- 
ology. He recognized, like Herophilus, that the 
arterial pulse was dependent on and synchronous 
with the heart, but he believed that the artery 
possessed its own pulsific or sphygmic faculty. He 


regarded arterial diastole as an active expansion by which blood was attracted to the artery, and 
systole was a more passive state, though he pretended to be able to feel the actual contraction of 
the artery during its systole. He recommended feeling the pulse at the wrist as most convenient, 


2 


~ 


ind he frequently emphasized the importance of feeling the pulse in health so as to have its normal 
‘alities in mind when judging the pulse in the sick. He described at length the variations of 
e pulse due to age, sex, season, country, sleep, pregnancy, exercise, bathing, food, and wine. 


The more important kinds of pulse were as follows. 
(1) The quick or slow pulses, by which was meant the quickness of arterial expansion during a 


Oo” 


kind called moderate. 


ingle beat. Thus the pulsus celer corresponds to our collapsing pulse, and the pulsus tardus to 
our sustained pulse of aortic stenosis. Between these two extremes was a pulse of intermediate 


(2) As the artery is extended in all directions, so it has length, breadth and depth. A pulse 
tht is at the same time long, deep and broad is a large pulse, and one that is short, shallow and 
na row a small pulse. In the case of each dimension, between the two extremes is a pulse of mode- 
Tale grade, so that there are 27 main varieties of pulse according to dimensions. 


(3) The beat may be strong, weak, or moderate. 


(4) The arterial wall may be hard or soft. 
In a full pulse the artery feels completely filled with fluid; 


(5) The artery may be full or empty. 
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in an empty pulse the artery feels as if filled with bubbles of air so that the finger sinks into empty 
space. 

(6) The frequent or infrequent pulses. This was judged by the duration of the interval between 
the beats; for of course Galen had no pulse watch. 

(7) The rhythm or cadence of the pulse, related to the duration of systole and diastole, following 
the ideas of Herophilus. Thus the pause might be two to four times as long as the expansion. 

(8) The equality (evenness) or inequality. It is extremely difficult to follow all Galen’s subtle 
distinctions in this respect, but he recognized an inequality of movement in a single beat or in 
successive beats. The pulsus myurus consisted of a series of beats of diminishing intensity, likened 
to the tail of a rat; if the pulse faded completely, it was called a failing myurus, if it gradually 
reappeared, a recurrent myurus. This description suggests sinus arrhythmia, but against such a 
view is the grave prognosis accorded it by Galen. Of the various pulses exhibiting inequality 
of the individual beat, we may mention the dicrotic, consisting of a double beat, and the pulsus 
caprizans, named by Herophilus, which resembled the leap of a goat or of a gazelle (pulsus gazellans 
of Avicenna). As the gazelle is said to leap up, pause in the air, and then to take a swifter and 
mightier spring, so the expanding artery pauses, then makes a swifter and larger movement. In 
studying the pulsus caprizans, I have often watched the goat’s peculiar leap, as Galen did, on road- 
sides in the Middle East, but I confess that these nature studies have been less helpful than the 
graphic description of this pulse given by Struthius and to be mentioned later (see Fig. 4). 


A B 


Fic. 4.—The pulsus dicrotus (A) and the pulsus caprizans (B) represented 
after the description by Struthius. 


In the spasmodic pulse, the artery feels like a stretched cord or string, and we still hear the 
expression “ thready pulse.”” The undulant pulse gives impression of waves rolling down the 
artery, the vermicular pulse of worms, and the formicant of ants; the latter represents the extreme 
grade of this variety of pulse which marked great feebleness of the vital faculty and, in fevers, 
presaged a fatal ending. 

In the intermittent pulse, one or more beats are completely missing; and in the intercurrent 
there is an accessory beat or, as we should say to-day, an extrasystole. Galen took a most serious 
view of the intermittent pulse and he had never seen recovery in a case where two beats were missing. 
The pulsus serratus or saw-like pulse was an unequal pulse encountered in inflammatory states, 
and the convulsant pulse a dangerous kind if it followed dysenteric evacuations. 

Galen originated the conception of the organic pulses, later elaborated by Actuarius, de Bordeu, 
and others, by which each organ imparted its personality to the pulse, and by this method he was 
able to diagnose stomach trouble in the Emperor. He also invented the critical pulses, later 
revived by Solano, succéssfully predicting a crisis in the form of epistaxis from the pulse of a young 
senator. 

Galen’s sphygmology exemplifies his mania for system and his extreme subtlety of mind, not ‘o 
mention his verbosity, which involved him in a maze of obscure theory and led him to wander fur 
from the path of clinical observation. As he well remarked, it requires the whole life of a man ‘o 
acquire a complete knowledge of the pulse and, after perusing his treatises, we may well feel wi'h 
Hippocrates that art is long and life short. 
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SPHYGMOLOGY AFTER GALEN 


Though it is unlikely that the average physician really mastered Galen’s pulse doctrines, they 
nevertheless prevailed throughout the Middle Ages when the most important authorities on the 
pulse were the Canon of Avicenna (10th century A.p.), Actuarius (11th century A.D.) and the 
famous poem on the pulse by Gilles de Corbeil (12th century A.p.) of the School of Salerno. At 





Fic. 5.—Woodcut representing physician feeling the pulse and inspecting the 
urine in a case of mal d’amour (chlorosis or green sickness); note the 
cupid with arrow behind the doctor’s head. From Vieillard, 

us L’Urologie et les Médecins urologues, Paris, 1903. 


this period, most sphygmologists were also urologists, basing their diagnosis partly on the pulse 
an.) partly on an inspection of the urine. They are often portrayed with one hand on the pulse 
an’ the other holding aloft a flask of urine (Fig. 5), and many experts on the pulse also wrote 








19S treitises on the urine, for example, Gilles, Bellini, and Fludd. Avicenna, physician to the Bagdad 

ter Hospital, added to Galen’s assortment the twisted, knotted, and tremulous pulses, and a new 

ng m)urus in the form of the tail of a mole. He also forecast the sex of an*unborn child from the 
; pul.e of a pregnant woman; if her right pulse was the stronger and faster, it indicated a boy. 

o | sy far the most important work on the pulse between Galen and Harvey’s time was the Ars 

far Sp -gmica of Joseph Struthius, first published in 1540, and of which 800 copies were sold in a single 

0 da, at Padua. Several later editions were called for and my own copy is that of 1602, with an 

ich int) duction by Bauhin. 

struthius was a Pole, educated at Cracow and later at Padua, where he became a Professor of 

) Mccicine at the early age of 25. Later he returned to Poland, where he enjoyed great fame as a 

3; ‘ician, being summoned to Constantinople to see the Sultan, and invited to Madrid as Physician 
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Fic. 6.—Mnemonic for the five simple pulses from the Ars 
Sphygmica of Struthius. Starting from the thumb, 
large and small pulses, quick and slow, frequent and 
infrequent, strong and weak, soft and hard; moderate 
represents an intermediate grade in each case. 


to the Court. His work on the pulse consists of five books written in Latin and therefore heavy 
reading to-day, but Bugiel’s careful analysis of them in his life of Struthius is a useful guide. 

Struthius made a profound study of Galen’s works on the pulse which he was able to read in 
the Greek, and he also cited the works of Archigenes, Avicenna, Erasistratus, Herophilus, Oribasius, 
and other authorities. He simplified and clarified Galen’s sphygmology, giving simple tables and 
schemata, and a useful mnemonic in the form of a hand, each digit of which represented one of the 
five simple pulses (Fig. 6), namely large or small, quick or slow, frequent or infrequent, strong or 
weak, soft or hard; allowing for an intermediate grade between the two extremes in each case, we 
have 15 simple pulses in all. There were many composite pulses, not all of which were actually 
encountered in practice. 

He studied the pulse wave by placing a leaf on the artery and watching its vibrations, and ‘ie 
was the first to represent the pulse graphically in a form comparable with a sphygmographic tracig 
(Fig. 7). His description of the various classical pulses is easier to follow than Galen’s. For 
example, a warrior is attacked by two adversaries; one plunges his sword into the thigh down to tie 
bone, then withdraws it moderately, and finally replunges it anew to the bone—this is the pu/sus 
dicrotus. The other plunges his sword into the thigh muscles, pauses, then penetrates violently to 
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the bone—this is the pulsus caprizans (see Fig. 4). There is no doubt that Struthius’ study of the 
pulse was based on his own clinical observations as well as on his great knowledge of ancient 


writers; and Gruner, the first historian of the pulse, advised all who wished to understand Galen 
to have: Struthius’s book in their hands. 


Mention must be made of Robert Fludd’s Pulsus (1631), a mixture of ancient sphygmology and 
abstruse metaphysics which illustrates the influence of alchemy on medicine at this period. Fludd, 
who also styled himself Robertus de Fluctibus, was an alchemist and a leading exponent of the 
Paracelsian sect known as Rosicrucians. His Pulsus was published in Frankfort by William Fitzer, 
the first printer of de Motu Cordis, and Weil (1944) has suggested that Fludd may have persuaded 
Harvey, his fellow student at Padua, to patronize Fitzer. Fludd’s treatise on the pulse, written in 


Latin, abounds in the mystical absurdities of his peculiar system and contains many extraordinary 
illustrations (see Fig. 8). 


$8 Sphygmice artis 
lia vemifius , alia tardius , alia celerins. Quod fi 
uoquo modo depingi hec point, pulfis conuuls 
haw fimilis e% dum diftenditur ,lineis mcuruatis 
modicé,utring; tenfis emma Ycornad uibratus 
uero lincis multum mflexis m altum, er acummmd= 
ths ped ama CHiu[mods ettam figura c& 
chords in arcu fortuter tenfo,feu uibrato, qua par 
te ci fagitta opponitur acummate.Hoc uero ufuue 
mit,quod aliquando unica fit uibratio arteria , uel 
dus, idquodin expergifcentibus fubito 4 fomuo 
fubinde uideve e&. Aliquando unam plures fubjce 
quuntur im diuerfis partibus arterie, quarum non 
c& conftans ex perfeuerans difteuflo, yec cons 
traftio : fed ale partes exiliunt, ale codem moz 
mento defiliunt. Quod autem paulo arbofius 
de hoc pulfs loquamur,caufa ef , quoniam multa 
indicat im egrotis, cx multi funt hallucinati m dee 
feriptione eius.Nos que rationalt methodo,et mul 
torum annorum expertentisfumus confecuts, non 
- Qrauarun omnibus communicamus, 


Fic. 7.—The earliest graphic representation of the pulse by 
Struthius in the Ars Sphygmica. 


REVIVAL OF GALENIC SPHYGMOLOGY DURING THE 18TH CENTURY 


ver a hundred years after the discovery of the circulation, a remarkable revival of the ancient 
sph. gmical art occurred in Europe. Curiously enough, it was started by an unknown Spanish 
practitioner, Francisco Solano de Luque, of Antequera in Southern Spain. Solano was an in- 
dif! rent scholar and held no appointment of importance, but he devoted himself assiduously to the 
Stuy of the pulse for many years and, in 1731, published a large folio volume entitled Lapis Lydius 
Apvilonis (The Touchstone of Apollo) in which he described his new method of predicting crises 
by the pulse. This was a badly written book of which few copies seem to have been printed, and 
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Fic. 8.—Part of the title page of the Pulsus of Robert Fludd, the 
Rosicrucian philosopher, 1631. 


nothing more might have been heard of it had not a copy fallen into the hands of James Nihell, 
an Irish physician employed at Cadiz. Nihell, surprised at what he read, journeyed to Antequera 
where he spent two months investigating Solano’s methods, to which he became completely con- 
verted. Finding the new discoveries neglected in Spain, he published an account of them in London 
entitled New and Extraordinary Observations concerning the Prediction of various Crises by ‘he 
Pulse (1741), which book was translated into Latin by Northwyk (1746) and into French by Laviroite 
(1748). With Nihell’s help, Solano revised his manuscripts which were republished in Spanish after 
his death, and the portrait in Fig. 9 is reproduced from a posthumous edition of 1787. 

It is unlikely that Solano was well acquainted with Galen’s works and he probably rediscovered 
rather than revived the critical pulses. He believed that, in acute disease and fevers, nature 
attempted to expel the morbid humours by means of profuse diarrhoea, sweating, polyuria, e:c., 
and that this struggle was reflected in the pulse, from which the nature of the forthcoming cr sis 
could be predicted. The dicrotic pulse indicated a critical epistaxis, the intermittent pulse crit cal 
polyuria or diarrhea; intermittence with tension indicated both vomiting and diarrhea; with 
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‘tness, polyuria and diarrheea; the pulsus inciduus indicated critical sweating, and so forth. Once 
‘oclaimed by Nihell and his translators, Solano’s discoveries attracted attention throughout 


y Daniel Cox (1758), physician to the Middlesex Hospital, who wrote on the intermittent pulse. 


use first appeared in 1756; my own copy dated 1758 comprises four volumes! Bordeu revived 
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Fic. 9.—Francisco Solano de Luque, author of the Lapis Lydius 
Apollonis (from the Spanish edition of 1787, author’s 
library). 


ope, and in England treatises on the subject were published by Malcomb Fleming (1753) and 
rhe next figure in this revival is Théophile de Bordeu of Montpellier whose Researches on the 


idea of the organic pulses. First, he classified the pulse into superior and inferior varieties 
esponding to organs above and below the diaphragm respectively; the superior pulses were 
livided into pectoral, guttural, nasal, and so on; the inferior into gastric, intestinal, renal, 
ine and such like types. When more than one organ was affected, a composite pulse resulted. 

Shortly afterwards, Henri Fouquet, also of Montpellier, published his Essay on the Pulse (1767), 
vhich he contrived to combine the organic pulses of Bordeu with the critical pulses of Solano, 
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so that his sphygmology became as intricate as Galen’s. His book is notable for some remarkable 
figures of the various organic pulses as perceived by the finger (Fig. 10). I possess an edition of 
Fouquet’s book published as late as 1818, showing that it remained popular even fifty years after 
its appearance. The last book appertaining to this revival was Rucco’s Science of the Pulse 
(1828) published in London in two volumes and dedicated to Sir Henry Halford, President of the 






























































Fic. 10.—The organic pulses of Fouquet. (1) Method of palpating the pulse, (2) Capital pulse, 
(111) Guttural, (3) Pectoral, (4) Gastric, (5) Hepatic, (6) Splenic, (7) and (B) Intestinal, (8) Nasal, 
(10) and (11) Uterine, (K) Hemorrhoidal. From Fouquet’s Essai sur le Pouls, edition 1818. 


22 _pouls caprisant 









Fic. 11.—The Pulsus Caprizans in musical notation from Marquet. A 

: crotchet indicates the natural pulse, a minim the large pulse, a 
quaver the small pulse, and a semi-quaver the vermicular pulse. 

Five vertical lines indicate the normal interval between beats. 
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Royal College of Physicians. Rucco was an Italian practising in Golden Square, and his book 
contains a lengthy and uncritical account of the ancient pulse doctrines from Galen to Solano. 

Mention must be made of the Nouvelle Méthode facile et curieuse pour Connoitre le Pouls par 
les Notes de la Musique by Marquet of Nancy (1747) and its second edition with commentary by 
Buchoz of Metzin 1769. Marquet returned to the ideas of Herophilus and devised a special musical 
notation to record the pulse, each of the classical varieties being portrayed in musical format (see 
Fig. 11). He stated that those accustomed to play on the lute made the best judges of the pulse! 

Lastly, and in a rather different category, are the works of William Ewart, well known for his 
signs Of pericardial effusion. Ewart’s work was a revolt against the sphygmograph and a last 
attempt to preserve the tactus eruditus of the old-time physicians. Like Galen, he wrote a large 
treatise on tactile sphygmology (Pulse Sensations, 1894) and a small one for beginners entitled 
How to Feel the Pulse (1892). He attempted to analyse the tactile impressions produced by the 
pulse and to correlate them with the sphygmogram and with physiological knowledge. He was an 
admirer of Fouquet, whom he styled the father of tactile sphygmology. 

We might have expected that, with the advent of the sphygmograph, 
Galen’s influence would have been quickly and finally extinguished, but it was 
not so. For the classical pulses, was substituted a profusion of sphygmograms 
which often owed more to the instrument than to the pulse, and which were 
interpreted quite empirically in relation to the disease rather than in terms 
of hemodynamics. Thus Burdon Sanderson in his Handbook of the Sphygmo- 
graph (1867) classified the pulse as hard or soft, and amongst the soft pulses we 
find the pulsus mollis et celer, the undulatory dicrotous pulse, the pulsus mollis et 
magnus, and the like, each with its own pattern of pulse wave. Similarly, in 
Lorain’s monograph on the pulse (Le Pouls, 1870) we find sphygmograms for 
every disease from cholera to jaundice, even including one for mercurial pois- 
oning. It was not until the appearance of Mackenzie’s Study of the Pulse in 
1902 that the Ars Sphygmica faded for ever from clinical medicine. 





TIMING THE PULSE 


Though Herophilus is supposed to have timed the pulse by a water clock 
or clepsydra, Kepler the astronomer was the first to record the pulse rate, which 
he estimated at about one beat a second, commonly 70 a minute in normal men, 
and 80 in women (Weir Mitchell, 1892.). Galileo (1564-1642) used his own 
pulse to verify the regularity of the vibrations of a large bronze lamp swaying 
in the wind, and devised a pendulum clock that did not vary “so much as 
the beat of a pulse.” Galileo’s pulsilogon was appropriated by Sanctorius 
(1561-1636) and consisted of a leaden bullet suspended on a silken cord which 
was allowed to swing like a pendulum; by shortening or lengthening the cord, 
its swing was synchronized with the pulse, and the rate or index was read 
from a scale (Fig. 12). Astonishing as it may seem, nothing further was heard 
about the pulse rate until the next century, when Sir John Floyer (1709) revived 
pulse counting. In those days, watches had a single hand marking hours, for 
which reason Floyer constructed a portable clock which ran for exactly a 
Fi. 12.—The Pulsi- minute. Unfortunately, when tested against his minute glass, the clock was 

son ba — found to run fast, so that he had to correct his pulse counts by adding 5 or 6 

thal “T beats to the rate given by the clock. He calculated the natural pulse rate as 

30 at the North Pole, and 120 at the Equator, and noted the effect on the rate 
0! ige, sex, exercise, meals, etc. His book also contained a lengthy review of the Galenic art and 
0 Chinese sphygmology as described by Cleyer. Falconer (1796) gave elaborate tables by which 
a ise in pulse rate occurring in subjects with naturally fast or slow pulses could be expressed in 
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terms of a standard rate of 75, for the purpose of determining the degree of fever at a time when 
clinical thermometers had not come into use. Pulse counts were scarcely mentioned in books 
on the heart published during the first half of the 19th century, and it was not until about 1850 
that routine pulse counting with a watch spread to England from Dublin, where it had been 
introduced by Stokes and Graves. 


CONCLUSION 


Against a background of modern knowledge, the Ars Sphygmica seems fantastic and absurd, 
but not so if we view it in a contemporary setting. Before the discovery of the circulation, 
no rational basis existed for understanding the pulse; it was only possible to describe what the 
finger felt and to interpret this empirically in terms of the primitive medical ideas of the time 
To liken the pulse to the motion of ants or worms or to the leaping of goats, was perfectl) 
rational and, in the absence of sphygmographs, so was the idea of representing the pulse by 
musical rhythm. Galen lived in an atmosphere of incessant philosophical controversy and it is 
not surprising that his ideas on the pulse, some of them quite sound, became obscured in a welter 
of subtle theory. Did not Galen himself complain—if I do write long books it is not my fault: 
it is the fault of other people who will write books full of so many wretched arguments. The 
importance of Galen’s work was, first, that it provided a compendium of all that was known or 
written about the pulse up to his time, and, secondly, that it established the procedure of feeling 
the pulse at the wrist as a routine method of clinical diagnosis, which it has remained up to the 
present day. 

It was not Galen’s fault that science stood still for centuries after his time, but the fault of the 
subservient spirit of medieval physicians who followed him. By the middle ages, Galenic medicine 
had grown as old as the Christian faith and was almost as firmly established, but the Greek spirit 
had disappeared. Things changed slowly in those days and it took a century or more for Harvey’s 
discovery to shake the habit of mind of the practising physician who continued to interpret the 
pulse according to the precepts of Galen. This time lag between the new discovery and its clinical 
application was not excessive in relation to the fifteen centuries during which Galenic dogma had 
reigned unchallenged. It is more difficult to explain the revival of the sphygmical art in the 18th 
century. Solano was a figure of little importance, but both Bordeu and Fouquet were scholars and 
teachers of some eminence, who were certainly well acquainted with the Harveian circulation. 
They themselves did not regard their methods as a revival of the old pulse doctrines, but as new 
discoveries based on a return to the method of clinical observation, following the example of 
Sydenham. By ignoring Harvey, they merely succeeded in recreating a sphygmical art in no way 
better than Galen’s. If, in looking back, we remember that the state of affairs to-day is the conse- 
quence of that which existed yesterday, then in feeling the pulse we shall not forget that we still 
owe something to Galen. 





We should like to thank Messrs. Editions Payot of Paris for permission to reproduce Fig. 2 from Castiglioni’s 
L’ Histoire de la Medecine, and Messrs. H. K. Lewis & Co., of London for permission to reproduce Fig. 3 from 
Notable Names in Medecine and Surgery, by Hamilton Bailey and W. J. Bishop, and Messrs. R. de Rudeva! of 
Paris, for permission to reproduce Fig. 5 from Viellard’s L’Urologie et les Medicins Urologues. 
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The relief of many cases of cyanotic congenital heart disease by a systemic-pulmonary 
anastomosis (Blalock and Taussig, 1945) has emphasized the importance of a diminished blood flow 


to the lungs. The light lung fields and the small pulmonary arteries are most important signs of 


this. In contrast, the dense lung fields with increased vascular markings and with visible pulsation 
in the pulmonary arteries and their branches, well known as characteristic of atrial septal defect, 
suggest an increased blood flow to the lungs. 

This division of cases of congenital heart disease into those with a diminished and those with 
an increased blood flow to the lungs has become so important that in opening a discussion at a 
joint meeting of the Cardiac and Thoracic Societies in February, 1949, I suggested that the words 
oligemic and pleonemic should be used to describe these lung fields, and should serve, with the 
presence or absence of cyanosis, as a basis for the classification of congenital heart disease. Fallot’s 


tetralogy and pulmonary stenosis with a closed ventricular septum are the commonest examples of 


oligemic lungs: pleonemic lungs are seen regularly with atrial septal defect, often with ventricular 
septal defect, and generally but to a lesser extent with patent ductus arteriosus. In cyanotic cases, 
a similar picture, often in an extreme form with pulsation visible out to the periphery of the lungs, 
suggests that they too have an increased blood flow; and transposition of the aorta and pulmonary 
artery—complete or partial—is the most usual anatomical basis for this (Campbell and Suzman, 
1950 and 1951). The somewhat similar lung fields that may be seen in mitral stenosis might suggest 
that they can be due to increased pulmonary arterial pressure rather than to increased pulmonary 
blood flow. One point raised against the terms oligemic and pleonemic was the uncertainty 
whether these changes indicated increased blood flow or increased pressure. 

During the last two years, particular attention has been paid to the lung fields and notes have 
been made, at the time of screening, about the size of the pulmonary arteries and the degree of 
visible pulsation. This has been done in several hundreds of cases, but in the majority there have 
been small pulmonary arteries with a diminished blood flow and no pulsation. The impression 
formed from the others, i.e. the pleonemic cases, is that the greatest enlargement of the right and 
left pulmonary arteries and of their branches, and still more the greatest degrees of pulsation i1 
these vessels are seen with atrial septal defects (and with large ventricular septal defects), and in 
cyanotic cases with transposition of the aorta and pulmonary artery with septal defects. Similar 
but slighter changes are found in patent ductus arteriosus: pulsation may be seen easily in the mai 
pulmonary arteries, but much less in the smaller branches and very rarely to the periphery. ! 
mitral stenosis the pulmonary arteries may be wide but there is little or no increase of pulsation. 

The most striking examples of this picture, with such obvious pulsation at the hilum that t!e 
term hilar dance may justly be used, are seen in a proportion of these cases, mainly with septal 
defects and with transposition. Though one might expect some additional correlation between a 
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hilar dance and the presence of a diastolic murmur that might be indicative of pulmonary regurgita- 
tion, no close correlation has been found. 

These impressions suggest that a large pulmonary blood flow is more significant than a rise of 
pressure in producing visible pulsation, though both may lead to an increase in size. Before 
discussing our more detailed findings in support of these general conclusions, a short summary of 
some earlier and some more recent views has been attempted. 


THE PULMONARY ARTERIES IN ATRIAL SEPTAL DEFECT 


Many pathological features of atrial septal defect have been known for a long time, and as early 
as 1875 Rokitansky emphasized the small aorta and the large pulmonary trunk at necropsy. 

Assmann (1929) drew attention to the radiological changes in several types of congenital heart 
disease. ‘* Enlargement of the pulmonary artery occurs fairly regularly in a condition which to 
my knowledge has not been mentioned previously in the clinical or radiological literature. The 
abnormality in question is a large defect of the atrial septum ” (p. 89). He mentioned four cases 
seen by others and added two of his own (one complicated by mitral stenosis); the gross dilatation 
of the pulmonary artery and its main branches was stressed in both. 

Later on he states that in congenital heart disease pulsation can often be seen when the pulmonary 
artery is dilated (p. 92). ‘‘In many cases the hilar shadows are clearly pulsatile. This can be 
distinguished from transmitted pulsation by the widening and darkening of the shadow.” He 
does not use the term “ hilar dance ”’ and does not associate this visible pulsation with any particular 
type of congenital heart disease. He gave some good illustrations (Plate 2) of the large pulmonary 
arteries and the increased density of the lungs in both atrial and ventricular septal defects. His 
Fig. 86 from a patient with morbus cceruleus is very similar to some of our cases of transposition. 

Roesler (1934), in a review of atrial septal defect, found that the pulmonary artery and its 
branches were increased, being on the average half as large again as the aorta. The pulmonary 
branches at times showed increased pulsation, and were sharply defined and enlarged, but normal 
lung transparency was present beyond this unless there was congestive failure—a point that we do 
not accept. He added that these changes might also occur, but less often, with ventricular septal 
defect and patent ductus, and that this increased pulsation might be due to an increased pulse 
pressure in the lesser circuit and not always to pulmonary regurgitation. 


THE HILAR DANCE 


The first mention of a hilar dance is the description by Pezzi and Silingardi (1925) of a single 
case. ‘* Dans le champ pulmonaire, on remarque des ombres hilaires énormément dévelopées 
et sombres surtout a droite, celles de gauche étant en grande partie cachées par la pulmonaire 
ectasiée. En outre, les ombres hilaires droite présentent des trainées sombres dirigées surtout 
en has vers le diaphragme, nettment visibles sur la radiographie, et un phénoméne que nous n’avons 
jamais constanté, c’est-a-dire une véritable danse . . . d’un véritable pouls artérial hilaire.”” Reading 
the case notes it seems likely that this patient, with a very large pulmonary artery and a small aorta, 
hac atrial septal defect, though this diagnosis was not made. Laubry, speaking at the meeting 
whcre this communication was given thought that these signs must be uncommon with pulmonary 
reg\rgitation though he accepted this as the explanation. 

‘ezzi (1932) wrote further about the “‘ dance of the hilum,”’ which he still thought pathognomonic 
of pulmonary regurgitation. The cases in which he was interested were those with pulmonary 
regurgitation secondary to advanced mitral disease, but he added that the same picture was some- 
times seen in patent ductus arteriosus. 


RECENT VIEWS ON THE LUNG FIELDS IN A.S.D. AND P.D.A. 


‘here is now widespread agreement about the main features of atrial septal defect (A.S.D.) 
an. patent ductus arteriosus (P.D.A.). The state of the pulmonary arteries and of the lung fields 
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is recognized as important but somewhat different emphasis is laid on different features. I have 
tried to summarize the views expressed in some recent writings, omitting the points that are generally 
agreed, such as the large pulsating aorta in P.D.A. and the small aorta and large right atrium in 
A.S.D., and emphasizing only comments about the size and degree of pulsation of the pulmonary 
arteries that are pertinent to the present purpose. 

Bedford, Papp, and Parkinson (1941) describing a series of cases of atrial septal defect thought 
the diagnosis rested mainly on the radiological features. The main pulmonary branches are always 
enlarged. The right branch forms a large dense well-defined and often comma-shaped shadow, 
contrasting with the clear lung fields, as pulmonary congestion is generally lacking even with con- 
gestive failure. The pulmonary artery often pulsates visibly, particularly its right branch (31 of 
51 cases), sometimes producing the “ hilar dance,” independently of the presence of pulmonary 
regurgitation. Such great pulsation is not always seen, though occasionally a lack of pulsation 
with increased density implies local thrombosis. 

Sussman (1946) thinks that in A.S.D. increased pulsation of the pulmonary arteries and hila: 
vessels is usual, and that the pulsation is vigorous and of increased amplitude, giving the impression 
of a hilar dance, presumably due to pulmonary incompetence. 

Brown (1950) thinks there is a characteristic X-ray picture for A.S.D. though in children it may 
take some years to develop: a large rather globular heart, a prominent bulge of the pulmonary arc, 
and a pulmonary artery dilated almost to aneurysmal proportions, with striking pulsation, especially 
of the right hilum, and often a hilar dance. 

In the description of patent ductus arteriosus | have found no general statement that pulsation 
of the pulmonary arteries is much less than in A.S.D., though I think this is the view of many cardio- 
logists. Roesler (1943) says that the pulmonary arc may be moderately prominent and the vessels 
of the hilus may be normal or more often enlarged. The pulsation of the main pulmonary artery 
is increased but expansile pulsation only occurs with pulmonary regurgitation. 

Gilchrist (1946) states that enlargement of the pulmonary trunk is usually visible as a semi- 
circular shadow lying between the aortic knuckle and the left ventricular border; in the right oblique 
this prominence may be more obvious. Other signs are dilatation of right and left pulmonary 
arteries: “‘ congestion of the lung fields as shown by a diffuse mottling radiating out from the hilum 
towards the periphery, the ‘ hilar dance,’ a systolic expansion in the arteries of the lung root, 
the last being uncommon in my experience.” Sussman (1946) thinks that the pulmonary artery 
is dilated in half the cases and pulsation greatly increased, but that a collapsing type of pulse with 
hyper-active pulsation of the hilum is not usual. 

Brown (1950) thinks that if the shunt is iarge there is much dilatation of the pulmonary artery 
extending to its branches, with vigorous pulsation of the aorta and pulmonary artery, the latter 
showing a hilar dance. Kerley (1951) gives a good description of the lung fields in mitral stenosis 
but gives little about these pleonemic changes in congenital heart disease and hilar pulsation is 
said to indicate a high pulmonary pressure. 

Taussig’s views. Taussig (1947) gives a clearer picture of the relative importance of these radio- 
scopic signs in congenital heart disease. She describes the pulsation in the hilum of the lung, the 
so-called dancing hilus, under two conditions—when the contraction of the left atrium is reflecied 
back into the pulmonary veins, and when the forward pulsation from the right ventricle becomes 
visible in the dilated pulmonary arteries. The former is seen with mitral regurgitation and some- 
times with severe mitral stenosis: the latter is seen with A.S.D. and with P.D.A., in both of which 
the main pulmonary branches may be greatly dilated. She states that “In P.D.A. pulsation may 
be visible at the hilus of the lungs and there may be a hilar dance, but the most conspicuous 
pulsation occurs with A.S.D. and a true dancing hilus makes this diagnosis most likely.” 

Later she states that with the Eisenmenger complex and sometimes with a large ventricular 
septal defect pulsation may be seen at the hilus and in the lung fields, due to the greatly enlarged 
pulmonary vessels. Taussig thinks that these changes occur when the pulmonary pressure is 
abnormally high, but elsewhere it is clear she regards them as indicative of an increased pulmonary 
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blood flow. Even in Taussig’s writings there is no sharp distinction made between pulsation at 
the hilum and a hilar dance. We think that unless the expression is to be reserved for the more 
conspicuous pulsation there is no object in its use. 


OurR PRESENT OBSERVATIONS 


Compared with the attention that has been paid to the lung fields, little has been written about 
them, though there is an excellent paper by Lodge (1946). The anatomy of the lung, especially 
of the hilum, must be considered shortly. Owing to the air they contain, the bronchi may show 
in a print as a white circle, sometimes enclosed in a ring that represents the walls. The arteries 
and veins might be expected to show as equally dark shadows, apart from any increase caused by 
the greater toughness of the arterial wall. This is not so, and a catheter passed into a pulmonary 
vein appears to lie directly in the lung, while one in an artery is seen surrounded by the arterial 
contents. The main shadows of the hilum are the pulmonary arteries, as was demonstrated by 
\ssmann (1929) and amply confirmed by Cottentot and de Balzac (1936) and more recently by 
angiocardiography. The reason is probably because there are four veins instead of two and they 
divide quickly, so that when they emerge from behind the heart they are already much smaller than 
the pulmonary arteries. Their shape is more like the spokes of a wheel,and shadows in this position 
should be looked for, though we think that most of the shadows discussed in this paper are 
arterial. 

We have tried to relate the appearance of the lung fields on radioscopy and on films to the pressure 
in the pulmonary artery and to the pulmonary blood flow in patients where these data have been 
obtained by cardiac catheterization. Notes about the appearance of the lung fields were dictated 
at the time in the X-ray room, almost always before we knew the results of cardiac catheterization, 
and often several times at intervals up to one or two years. 

We have taken the right pulmonary artery* as the best measure of the degree of dilatation of 
the pulmonary system. The pulmonary trunk may be dilated beyond a stenosis and its apparent 
size may be modified by the shape of the cardiac shadow. The left pulmonary artery is too often 
hidden by the heart, and the smaller branches of the right pulmonary artery cannot as a rule be 
seen with the same precision for an accurate estimate. We measured the diameter of the right 
pulmonary artery comparing it with the size of the chest, but accuracy was difficult and it seemed 
better, on the whole, to mark the artery as +, ++, +-+-, etc., corresponding to the description 
0! slightly, moderately, or greatly enlarged. Even then, consistency of judgement of size was 
not easy, but many of the original notes have been checked by comparison of the films. Exact 
consistency as regards visible pulsation is also difficult but the variation at two examinations should 
not be great. 

We have used the same signs for the degree of pulsation and have recorded this as it is seen in 
the right pulmonary artery, in its main branches in the middle third* of the lung, and in its smaller 
brinches in the peripheral third of the lung. There must be a pulmonary pulse normally, but it 
is \ot easily seen even in the main vessels, and a single + indicates something that is abnormal, 
though (+) indicating a pulse that can just be seen may be within normal limits in the right pul- 
mo iary artery. Normally, pulsation can never be seen beyond this, so that any marking in the 
mi ‘dle or peripheral thirds is abnormal. 

nless the term hilar dance is restricted to mean something more than pulsation at the hilum, 
there is no object in its use. We think that it is best defined as a degree of pulsation striking enough 


We have followed Gray’s Anatomy (1949) in the use of the term ‘‘ pulmonary trunk” but to save constant 
tion of the ** descending branch of the right pulmonary artery ”’ we have used the term “* right pulmonary artery ” 
tc lude this descending branch after it has given off the branch or branches to the upper lobe and the branch to 
t iddle lobe but before it becomes greatly reduced in size by dividing into the restrocardiac, anterior basal, axillary 
, and posterior basal arteries (Lodge, 1946). These named branches are the ones we have examined for pulsation 
ae a third” of the lung. The smaller branches in the “ peripheral third ’’ are not normally seen as 
vidual vessels. 
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to be noted in both hila simultaneously, even when one’s attention is directed mainly to one hilum, 
often with an added jerky quality. 

Patent Ductus Arteriosus. We have included 10 cases of patent ductus arteriosus, most of them 
thought to have large shunts as judged by the wide pulse pressure and by the size of the heart, 
though without much in the way of symptoms. The pulmonary flow averaged 12-3 litres/sq.m./min. 
and only in two of these was it less than 8 litres/sq.m./min. It is surprising that patients with such 
large flows as 23 and 16 litres/sq.m./min. should have so few symptoms; it confirms the view that 
a large left-to-right shunt is often well supported up to the time that heart failure is imminent. 

The pulmonary pressure* was never very high, but in five of the patients it was slightly raised, 
i.e. in three with mean pressures about 45 and in two with pressures of 43/30 and 38/27. In four 
of these five the pulmonary flows were the most increased. There was close agreement in marking 
these right pulmonary arteries as +--+, which is somewhat less than the estimate of the size made 
in atrial septal defect, and about the same as that made in mitral stenosis (see Table I). The degree 
of pulsation was rather more variable, but pulsation was always visible in the right pulmonary 
artery and, of course, in the pulmonary trunk. Generally it was only marked +-, but in two cases 
as ++. In more than half, pulsation could be seen beyond this out into the middle third, but 
generally this was marked (+-) which means that it could only just be seen. Pulsation was never 
seen out to the periphery except doubtfully in one case. In none was there anything that could 
be called a hilar dance. 


TABLE I 


RELATIONSHIP OF SIZE AND DEGREE OF PULSATION TO BLOOD FLOW AND PRESSURE IN THE PULMONARY 
ARTERIES IN CASES OF PATENT DuCTUS ARTERIOSUS AND ATRIAL SEPTAL DEFECT 

















Age | | ae Pulsation 
Case aa | Pulm. flow | Pressure | Size of $$ _________ 
No. lox |1./sq.m./min.| (mm. Hg.) | Right P.A.) Right Middle Peripheral | Hilar 
aa | | P.A. | third | third | dance 
| Patent Ductus Arteriosus 

1 (0418) F7 | +++ | 38/27 | ++(+)| + (+) — — 
2 (P250) Fill | 23-0 | 45 | ++ | _ = = 

3 (P255) F7 | 16-1 | 45 ++ + 4 ne aie 
4 (P226) F5 12-9 43/30 ++ ++ + a i 

5 (H279) F17 11-4 | 32/15 fs she ro + » -_ 

6 (0304) F8 9-6 | 28/23 + + (+) = 

7 (0413) F8 8-6 23/12 ++ - + (+) ts 

8 (0423) F12 | 8-5 45 ++ es | mu | ae os 

9 (0381) F19 | 6:2 20 |; ++ + _— | = —— 
10 (0280) M27 44 18 | +++ + | + _— = 

| Atrial Septal Defect 
11 (0132) F10 | 20-5 42/? +++ ++ = ce) c+ 
12(0125) | F9 | 180 | 44/2 | +++ | +++ ++ (+) + 
13 (0305) FO | 124 | 26/7 | +++4 +4 -— 4 ins Pd 
14 (0642) F48 11-4 | 33/? } ++ ++ ees a - 
15 (0112) Mil 11-2 35/? ++ | ++ eS ee sa 
16 (H281) F37 | 9-1 | 12 +++ —ee | as + | + 
17 (C227) | M27 | 32 | +++ | ++ ++ - } (4) 
Pulmonary Veins Draining into Right Atrium 

18 (P230) M8 | 12:5 30/8 ; ++ ++ | a - = 
19 (P256) F36 | 9-5 16 | ++ ++ | + + + 
20 (0392) M19 9-0 50/17 | ++ | ++ + (+) 








None of these patients had signs of pulmonary regurgitation. All had an arterial oxygen saturation above 94 er 
cent, except Case 17, where it was 91 per cent. 


* Most of the pressures have been measured from a reference level half-way between the skin of the back ind 
the sternum. 
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Considering that these pulmonary flows cover about the same range as those in atrial septal 

defect, the smaller increase in the size of the arteries and in the degree of pulsation is striking. 

j We think this is a valuable point in the diagnosis of doubtful cases, with the other signs that are 

more widely agreed. Two examples of the lung fields, one with an unusually large right pulmonary 

i artery, are shown in Fig. 1. The medium-sized mottling and the visibility of the smaller pulmonary 
branches are the main features. 





i 1.—The pleonemic right lung fields from two patients with patent ductus arteriosus. 

(A) From a girl, aged 7, with much mottling through the lungs and with a moderate-sized right pulmonary 
artery. Her heart was not very large, c.t.r. 52 (m.t.d. 10-0/18-5 cm.) in spite of her having a very large flow 
through the ductus: it could not be calculated accurately owing to the very high arterial oxygen saturation in the 
pulmonary artery. Case 1. 

(B) From a girl, aged 11, with equally mottled lungs and a much larger right pulmonary artery. Her heart, 
¢.t.r. 63 (m.t.d. 12-1/19 cm.), could be seen beating with unusual force through her frail thin chest; nine months 
after operation the c.t.r. was reduced to 55 (11-3/20-5 cm.). Case 2. 


a ed 


{trial Septal Defect. The number of cases of A.S.D. where we have used cardiac catheterization 
is \ot large, partly because until recently we have not been concerned about their surgical treatment, 
ar.) partly because in several of the children chosen the septal defects were, in fact, ventricular. 
© the 7 cases, 3 were the ordinary adult type with increasing symptoms and the others were children 
\'h little disability although they often had moderate, and in one case gross, enlargement of the 


er : he .rt. Three other cases where pulmonary veins drained into the right atrium have been included 
Table 1). 
- The pulmonary flows averaged 11-7 and generally ranged from 9 to 18 litres/sq.m./min.; in 


st of the children they were even larger than in the adults. The only exception was Case 17 
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A B 
Fic. 2.—The pleonemic right lung fields from two patients with atrial septal defect. The pulmonary branches can 
be seen rather better than in Fig. 1A with P.D.A. and there was a greater degree of visible pulsation. 

(A) From a girl, aged 10, with few symptoms and moderate enlargement of the heart, c.t.r. 55 (m.t.d. 

11-5/21cm.) Case 11. 

(B) From a girl, aged 9, with no symptoms but with a larger heart, c.t.r. 58 (m.t.d. 10°8/18-4cm.). Case 13. 
who has since died with confirmation of the diagnosis at necropsy: probably the rising pressure 
on the right side of the heart had gradually reduced the original large flow, as it is unlikely that 
the extensive thrombosis in the pulmonary arteries found at necropsy had been present at the time 
of his catheterization three years before. 

The pulmonary pressures were perhaps a little higher than in many reported cases but the) 
were chosen as fairly extreme examples. They ranged from 26/7 to 44/? and so are hardly outside 
normal limits. As with P.D.A., the pulmonary flow may be greatly increased with little if an) 
rise of pulmonary pressure. 

As a group these patients had slightly larger pulmonary arteries than those with P.D.A. and 
much greater degree of pulsation therein than any other group except V.S.D. and transpositio1 
The right pulmonary artery was always marked as at least ++ and more often as +++, and the 
same applied to the degree of pulsation in these. Pulsation was always easily seen out to the midd! 
third and was equally often marked +-+ and +. In more than half the cases pulsation could be 
seen out in the peripheral third and often easily, and in half there was a striking hilar dance. Two 
examples of the lung fields are shown in Fig.2; coarse mottling and large, unusually visible, pulmon- 
ary branches are the main features. 

These more striking signs on radioscopy can not be due to the average pulmonary flow |) 
A.S.D. being larger than in P.D.A., but must depend on other hemodynamic factors (see discussion. 
The only cases with any comparable picture are those with ventricular septal defect or with tran.- 
position of the aorta and pulmonary artery, and in the latter the lung fields sometimes show <n 
even greater increase of density. 
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The three cases with some pulmonary veins draining into the right atrium showed a similar 
picture on radioscopy and in the great increase of pulmonary flow without much rise of pressure. 
[here were three other cases where the proved presence of pulmonary stenosis did not prevent 
the pulmonary flows from being increased by left to right shunts to from 5 to 11 litres/sq.m./min. 
None of the three showed any unusual pulsation, presumably because of the pulmonary stenosis, 
although the clinical features and the mixed findings in the lung fields had made it difficult to decide 
whether the lungs were oligemic. 

Ventricular Septal Defect. The classical picture of the small V.S.D., the maladie de Roger, is 
well known. The importance and frequency of larger defects has recently been emphasized by 
Taussig (1947), Selzer (1949), Marquis (1950), and Wood (1950a and b). We agree that they are 
much more common than has generally been thought and they are the only type of V.S.D. we have 
met with frequently on catheterization. 

We have included in this group 10 cases where the patient was clinically acyanotic and there was 
a left to right shunt through the V.S.D. In Case 29 this shunt was small but in all the others it was 
large. The border line between V.S.D. and Eisenmenger’s complex is not easy, and some may 
think that Cases 26 and 27 with lower O, saturations should be included as Eisenmenger’s complex, 
but in each the left to right shunt through the V.S.D. was the main feature. 

The general findings and the picture of the lung fields in V.S.D. are very similar to those in A.S.D. 
The pulmonary flows were also within the same range and averaged 12:1 litres/sq.m./min., but 
there was much more often a rise of pulmonary arterial pressure, sometimes nearly up to the 
systemic pressure. Only two patients failed to show much rise: in Case 30 the defect was small 
and the pulmonary flow was not much increased and in Case 25 there were signs of aortic incom- 
petence and we think an ordinary V.S.D. though possibly the aortic sinus had ruptured into the 
right ventricle (see Table II). 

The pressure was raised in all the others but in two patients of three and seven years with large 
pulmonary flows of 13 and 17 litres/sq.m./min. the pressures were not much above 50/20. In 
the others, even in one boy aged 5, the pressure was as high as 88/50 or more, and in one girl 
of 18 as high as 102/61. Generally, a rise of pressure to this level goes with much disability, but 
this girl was leading an active life and was investigated because of the size of her heart. 

The picture on radioscopy, both in the size of the pulmonary arteries and in the degree of pulsa- 
tion, hardly differs from that described in A.S.D. Striking pulsation in the middle third of the lung 
Was seen just as often, as was pulsation out to the periphery and a hilar dance. Two examples 
of the lung fields are given in Fig. 4. In (A) the pulmonary branches were unusually dilated, and 
in (8) there was heavy mottling, some of which may have been due to venous congestion. 

“isenmenger’s Complex. In the patients diagnosed clinically as Eisenmenger’s complex in the 
cyanotic stage, it may be difficult to prove the presence of a V.S.D. probably because the rising 
pressure on the right side has diminished the left to right shunt and allowed a right to left shunt to 
develop or increase. Corresponding to this, the pulmonary flows were always low normal, or 
reduced, and in these six patients averaged only 2:5 litres/sq.m./min. (see Table II). 

this group the pulmonary artery was even larger than in A.S.D. and V.S.D. Pulsation was 
alw..vs obvious in the right pulmonary artery and of about the same degree as in A.S.D. and V.S.D. 
In te middle third it was rather less though always present; it was much less commonly seen out 
to tc periphery and a hilar dance was not seen. 

( 1se 36 is af exception that is difficult to explain: a septal defect was diagnosed with confidence 
on '.c shape of the heart and the extreme degree of pulsation visible through the lung fields; there 
Was -ven a faint hilar dance. Her pulmonary flow was only 2:9 litres/sq.m./min., so that if these 
sign in the lung fields depend only on the increased pulmonary flow she should not have shown 
ther’. She had signs of gross pulmonary regurgitation and this may be a partial explanation. 

imary Pulmonary Hypertension. Four cases have been included in this group. In three 
ther was no reason to suspect congenital heart disease, but in Case 37, there was also a reversed 
shunt through a P.D.A., confirmed by necropsy (Campbell and, Hudson, 1951). The size of the 
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TABLE II 


RELATIONSHIP OF SIZE AND DEGREE OF PULSATION TO BLOOD FLOW AND PRESSURE IN THE PULMONARY 


































































Transposition of Aorta and Pulmonary Artery. 





ARTERIES IN CASES OF VENTRICULAR SEPTAL DEFECT AND PULMONARY HYPERTENSION ) 
Age | Pulsation 
Case and Pulm. flow Pressure Size of -_— —__——— Arterial 
No. Sex |I./sq.m./min.| (mm. Hg) |Right P.A.| Right Middle | Peripheral} Hilar | O, Sat.* 
| | P.A. third | third dance | 
Ventricular Septal Defectt 
21 (0634) Fil 25:0 93/40 | ++ ++ + a + 98 
22 (P233) | M7 17-4 53/20 +(+) ++ + sas aes 98 ; 
23 (0142) M11 17:1 | 83/35 ++ ++ ++ + + 97 t 
24 (0163) M3 | 13-5 57/27 ++(+) ++ ++ ++ — 98 
25 (0545) F15 11-1 33/8 ++ + + a: — 98 
26 (P252) M5 10-2 88/50 ++ ++ +++ a + 89 
27 (0467) | F48 9-4 128/58 +(+) - ++ a + | + 87-99 3 
28 (0606) | F18 8-8 102-61 ++(+) se alle Sain a sy + 99 4 
29 (O165) | Fil 5:5 78 ++ ss ss aes =: ai + 92 
30 (0298) F8 | 3-0 24/12 ++ ++ — — — 98 j 
| Eisenmenger’s Complex ; 
31 (P036) F44 2°2 122/55 + a sat ++ a + 79-82 i 
32 (0261) F24 2:1 95/55 ee a + - — 79-96 § 
33 (O178) F37 2:1 155/95 ++ a (+) = — 87-98 | 
34 (0625) F33 2:0 115/55 6 aw 2 + — - — 80-88 
35 (P092) F8 3-6 118/? +++ + ae + — 84 
36 (0395) F29 22:9 58 ++++ +++ = ++ (+) 85 
Pure Pulmonary Hypertension y 
37 (H104) F37 21-8 100 ++ ++ = - -—- 64-78 
38 (V.B.) M22 1-3 128/83 + +(+) or - - -— 90-99 
39 (M.L.) F20 3-6 85/50 ++ - - 76-98 
40 (D.K.) M25 2-4 102/45 +++ + (+) - 97 
* The second figure indicates the value after breathing oxygen. 
+ All these, except Case 30, had evidence of a large left to right shunt through a V.S.D. In those grouped as 
Eisenmenger’s complex there was no evidence of a left to right shunt except a small one in Case 31 
) - 
TABLE III 
RELATIONSHIP OF SIZE AND DEGREE OF PULSATION TO BLOOD FLOW AND PRESSURE IN THE PULMONARY 
ARTERIES IN CASES OF TRANSPOSITION* 
Pulsation : 
Case Age Pulm. flow Pressure Size of : te 
No. and_|1./sq.m./min.| (mm. Hg.) | Right P.A. Right Middle Peripheral Hilar : wi 
Sex P.A. third third dance a 
41 (0052) M13 +++ (55)+ ++++ ++ ++ ++ + 4 
42 (0076) M16 5°5 88 +++ ++ ++ ++ + 4 the 
43 (0109) M14 6:7 94/53 +44 cos - (+) -- ! 
44 (O175) M13 24-1 (85/8)T +++ ++ ++ ++ + mi 
45 (OA06) M6 8-3 80/50 ++ ++ sa — — | th 
46 (0145) M7 3-0 (89/16)4 Sa + + (+) (+) | bot 
47 (P138) F6 9-4 cet ++ ht + — ; - 
ul 
* Six of these are discussed fully by Campbell and Suzman (1951). + Right ventricle only. : 
pulmonary artery was less than in cases with about the same pressure diagnosed as Eisenmeng:r's_ © 
complex. The degree of pulsation was much less—about the same as in P.D.A.—being presen! in § 
the right pulmonary artery and sometimes to a lesser degree in the middle third of the lung, but arte: 
never out to the periphery and never enough to produce a hilar dance (see Table II). ; co 


There were 7 cyanotic cases where full invest ga- 
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G. 3.—The pleonemic right lung fields from two patients with transposition of the aorta and pulmonary artery. 

(A) Large pulmonary arteries and visible branches out to the periphery, with moderate mottling, from a 
boy, aged 16, where the diagnosis was confirmed by catheterization. Heart moderately enlarged, c.t.r. 55 
(m.t.d. 11-0/20 cm.). Case 42. 

(B) From a girl, aged 7, showing a larger right pulmonary artery and a greater degree of general mottling. 
The heart was larger, c.t.r. 60 (m.t.d. 10-4/17-3 cm.). Diagnosis not proved by catheterization. Case P090. 


supported this diagnosis. All showed a considerable increase of pulmonary arterial pressure 
-h, of course, must be the same as that in the left ventricle, and most of them had some increase 
ie pulmonary flow, though the figures are less reliable than in simpler cases. 
[he pulmonary artery was as dilated and there was as much pulsation as in any group. In 
right pulmonary artery pulsation was nearly always marked +-+-; it was always seen in the 
\le third of the lung and except in one case was visible out to the periphery. In four cases 
was an obvious hilar dance (see Table III). The lung fields of two cases are shown in Fig. 3: 
show mottling and very large right pulmonary arteries; in one the dilated rather straight 
onary branches are very striking and in the other, the rounded mottled shadows. 


MITRAL STENOSIS 


‘litral stenosis is pertinent to the present discussion because there is often a rise of pulmonary 
al pressure with a normal or diminished pulmonary flow. We have included 20 cases for 
arison with the pleonemic lungs of congenital heart disease. There was not much variation 
> pulmonary flows, all of which were between 1-5 and 3-2 litres/sq.m./min., except Cases 53 
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TABLE IV 


RELATIONSHIP OF SIZE AND DEGREE OF PULSATION TO BLOOD FLOW AND PRESSURE IN THE PULMONARY 
ARTERIES IN CASES OF MITRAL STENOSIS 





Pulsation 








Case - | Pulm. flow Pressure Size of | —— — 
No. Se ]./sq.m./min.| (mm. Hg) | Right P.A.| Right | Middle Peripheral Hilar 
- | P.A. | third third dance 

50 | F22 1:9 60 +++ —_— — a 
51 M46 2-4 80 +++ + — = — 
52 F36 1-5 25 +(+) (+) — — —_ 
53 F35 3-7 42/25 + (+) | — _— —_— 
54 F27 3-9 76 ++ Tr | = _— _— 
55 F27 2:3 | —:130/56 be - _- = — 
56 F27 2:1 86/41 ++ — =o — — 
57 F44 230 «| 47/13 (+)+ — — — — 
58 F31 3-2 57/30 ++ — — -- — 
59 F30 2:3 40 ++ (+) — — — 
60 M45 2:1 128/61 +++ (+) _ — — 
61 M37 3-0 83/45 ++ (+) -- — 
62 M26 1-8 75/45 +++ (+) — — — 
63 F34 2°5 13 a — — — 
64 F38 2-4 54 ++ (+) — _ — 
65 F39 2:8 40/22 (+) (+) = al = 
66 F26 1-7 55/15 + _~ ~ ~ — 
67 | F299 | 24 100/50 opt (+) | — — _ 
68 F36 | 2-6 | 70/30 ++ - (+) — — 
69 | F44 3-0 18 +(+) (+) — — — 





and 54 (see Table IV). There was much greater variation in the height of the pulmonary pressure, 
up to 130/56. There were few patients without some increase, probably because those selected 
for investigation had enough symptoms for mitral valvulotomy to be under consideration. 

Some increase in the size of the right pulmonary artery was seen in every patient and generally 
it was considerable, but less than in A.S.D. Those with the higher pulmonary pressures all had 
large arteries but some of those with a moderate increase of pressure did not show much change. 
If they are divided into three groups according to whether the pulmonary pressure is greatly, 
moderately, or slightly increased, the height of the pressure shows some correlation with the size 
of the pulmonary artery, but none with the degree of visible pulsation. 

In about half the cases pulsation could be seen in the right pulmonary artery, though generally 
it was slight and seemed no more than normal, even when the pulmonary pressure was greatly 
raised. Pulsation was rarely seen beyond this, but could just be seen in 3 of 20 cases in the branches 
in the middle third of the lung. Pulsation was never seen out to the periphery, nor any suggestion 
of a hilar dance. In most radiological descriptions little is said about the degree of pulsation but 
I think the general view is that it is absent or insignificant, though it may sometimes be seen in the 
pulmonary veins when there is gross mitral regurgitation. 

The lung fields in mitral stenosis. The radiological features of mitral stenosis are well known 
and include prominence of the hilum and pulmonary arteries. Kerley (1951) describes the picture 
of passive hyperemia in mitral stenosis—vessels seen end on as rounded shadows and alvecii 
filled with heart failure cells, the combination producing a miliary appearance like pneumoconios's. 
Lendrum et al. (1950) have brought forward evidence that the picture often called miliary congestion 
is due to hemosiderin and that this is found in groups of alveoli near the wall of the terminal 
bronchiole where the capillary anastomosis between the bronchial and pulmonary arteries is thoug it 
to lie. 

The lung fields of two of our cases are shown in Fig. 5; in both the right pulmonary artery 
is increased in size. The fields look very light compared with all the previous illustrations, where 
the lungs were pleonemic and the pulmonary flows were increased, although they were chosen as 
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VISIBLE PULSATION IN RELATION TO BLOOD FLOW 


A B 
} Fic. 6.—Lung fields contrasting the appearance of the shadows in acute pulmonary cedema, from a woman, aged 31, 
with mitral stenosis. C.t.r. 54 (m.t.d. 12-7/25-3). Both are portable radiograms. Case 58. 

(A) During an attack of acute pulmonary cedema, showing the butterfly shadows of rather uniform density, 

spreading out from the hila. 

(B) Three days later after her recovery. The shadow pointing to the left upper lobe is probably a vein. 
examples of the mottling that is often seen in cases with orthopneea and other pulmonary symptoms. 
The smaller pulmonary branches are not easily seen and the mottling is fine and does not pulsate: 
in fact we think it is outside the vessels and caused by extravasation of red blood corpuscles and 
heart failure cells. Laubry ef al. (1948) have emphasized the association of this picture with re- 
+ peated hemoptysis, but there may have been multiple small hemorrhages without hemoptysis. 

\lthough many of these patients have had attacks of pulmonary cedema, this is not the direct 
cause of the mottling seen. In acute pulmonary oedema the shadows have almost run together 
and become continuous and they spread out from the hila, generally leaving the apices and the bases 
clear (Fig. 6) so that they look like the wings of a butterfly. 


DISCUSSION 
Visible pulsation of the pulmonary arteries must, of course, represent the amount the artery 


We Sart a ee 


t 
: is distended by the systolic output. This depends on the distensibility of the artery with a given 
rise of pressure (the elasticity) and the proportion of the output that has to be accommodated 
- } in that part of the artery; and this varies with the proportion of the output that can quickly pass 
e | along the artery, i.e. inversely with the peripheral resistance. 
i lt is, therefore, unlikely that visible pulsation will be a direct measure of pulmonary flow or of 
‘ | pulmonary arterial pressure or even of pulse pressure. These aspects of the relationship of elasticity 
. ) and rcsistance will be discussed by Deuchar and Knebel, but here we have tried to relate the radio- 
il / logic’ appearances to the factors of more direct clinical significance—the pulmonary pressure 
it | and '\e pulmonary blood flow. It seems from these considerations that the degree of visible 
i pulsa'.on might be greatly influenced by the amount of blood going through the lungs and that the 
‘y » €xcep ions might be explained by greater deviations from the normal as regards elasticity and peri- 
re || Phera’ resistance. Wood (1950) has calculated that the peripheral resistance is nearly always 


is | low in cases of A.S.D. but it is more variable in P.D.A. and still more so in V.S.D. 
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Our results are summarized in Table V. The figures for size and pulsation of the pulmonary 
arteries are the average number of + marks that were given to each in the group, i.e. 3 means +--+-+- 
and 2 means +++, as already defined. They show that the four groups with the largest pulmonary 
flows have also the greatest degree of visible pulsation, except that in P.D.A. the pulsation is less 
than would be expected. Reynolds (personal communication) has pointed out one very important 
factor, the difference in the timing of the flow. In P.D.A. the flow is continuous throughout 
systole and diastole, though it may be more in early systole: in A.S.D. the output is sudden during 
ventricular systole, and there must be a more striking immediate effect which falls away again, thi 
explaining the much greater degree of visible pulsation in A.S.D. thanin P.D.A. The more frequeni 
presence of pulmonary regurgitation may be another factor. 


TABLE V 


RELATIONSHIP OF AVERAGE SIZE AND DEGREE OF PULSATION TO AVERAGE BLOOD FLOW AND PRESSURE 
IN THE PULMONARY ARTERIES IN THE DIFFERENT GROUPS 








Pulsation 
Diagnosis and Pulm. flow Pressure | Size of: (™————————________ 
No. of cases |1./sq.m./min.| (mm. Hg) | Right P.A.| Right | Middle | Peripheral | Hilar 
| | P.A. | _ third third | dance 
P.D.A. (10) 12:3 | 32/21 2:0 1:2 0-6 0 | 0 
A.S.D. (10) 11-7 37/13 25 | 22 | 41-4 0:7 0-5 
V.S.D. (10) 12:1 73/35 2:2 2:1 1-7 0:9 0:6 
Eisenmenger (6) a 121/64 3-0 2:0 | 1:0 0:3 0:3 
Pulmonary hyper- | 
tension (4) 2:3 109/62 2:4 1-2 | 0-6 0 0 
Transposition (6) | 6-2 87/50 29 2:0 1-5 0-9 0:5 
Mitral stenosis (20) | 2:5 76/37 2:1 0-5 0-1 0 0 





They also show that increased pulsation and some increase in size of the pulmonary artery 
can take place without any significant rise of pulmonary pressure. 

The cases of mitral stenosis and, to a lesser extent, those of pulmonary hypertension show that 
a large rise of pulmonary pressure does little or nothing to produce visible pulsation. Comparing 
the degree of pulsation in A.S.D. and V.S.D. also shows that when there is a large pulmonary 
flow an increase of pressure causes little further increase in visible pulsation. On the other hand, 
in Eisenmenger’s complex there is generally no increased pulmonary flow to account for the visible 
pulsation so that this forms an exception. 

Table V also shows that the pulmonary arteries are largest in Eisenmenger’s complex and in 
transposition, followed by atrial septal defect and by pulmonary hypertension, so that enlargement 
of the pulmonary artery is caused most often by increased pressure but may be caused by an in- 
creased flow. 

Healy, Dow, Sosmann, and Dexter (1949) have studied this in a similar way and have helped to 
elucidate the relationship of pleonemic lungs to increased pulmonary blood flow and pressure. 
They classified the size of the pulmonary artery and its branches into four grades, and the degree of 
pulsation in these vessels into two grades. 

A.S.D. and P.D.A. provided the main examples of increased pulmonary blood flow. In 7 
cases of A.S.D. the blood flows were increased, generally ranging from 7 to 15 litres/sq.m./1iin. 
and the pressures were not much raised (see Table VI). The pulmonary artery was generally 
dilated; grade 3 or 2, and the pulsation was generally grade 2. The size of the branches varied 
from grade 3 to the upper limits of normal, and the pulsation of the branches varied from g: ade 
2 to doubtful. In 9 cases of P.D.A. the changes were similar but much less. The pulmonary 
flows were less increased, generally ranging from 3 to 7 litres/sq.m./min., but the pressures were 
about the same. The pulmonary arteries were less dilated, from grade 1 to normal, and the puls«tion 
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vas also about grade 1. In their Table I there was good individual correlation between the observed 

changes and the increase of pulmonary flow. There seemed to be a critical level so that if the flow 

was above 7 litres/sq.m./min., large pulmonary arteries and increased pulsation were seen, but 
below this they were unlikely to be seen. 

As examples of a raised pressure without increase of pulmonary flow they used cases of 
Eisenmenger’s complex and of mitral stenosis. In Eisenmenger’s complex, the blood flows varied 
from 2 to 4 litres/sq.m./min. and the pressures were often as high as 130/50. In mitral stenosis 
the flows varied from 2 to 4 litres/sq.m./min. and the pressures were more variable but often much 
increased, from 40/20 to 115/60. In both these groups, changes in the size of the arteries were 
} _ seen and in Eisenmenger’s complex increased pulsation of about the same degree as in P.D.A. but 
much less than in A.S.D. When both the pressure and the flow were increased (some cases of 

A.S.D. and P.D.A.) they found the degree of enlargement and of pulsation both increased, even 
i more than in these conditions separately. 

They concluded: “* We are unable to distinguish the effects of increased flow with normal pressure 
from increased pressure with normal flow,”’ but also stated that hyperactivity (increased pulsation) 
was not quite such a striking feature of increased pressure as of increased flow, but might occur 

















} and might be quite marked. My examination of their figures, however, suggests that increase 
of pulsation is not nearly such a striking feature of increased pressure as it is of increased flow. 
- In Table VI I have summarized their results, marking numerically the degrees into which they 
grade pulsation and the size of the pulmonary artery and giving an average figure. In the first two 
TABLE VI 
} THE RELATIONSHIP OF PULMONARY ARTERY SIZE AND PULSATION TO PULMONARY FLOWS AND PRESSURES 
MODIFIED FROM HEALEY, Dow, SOSMANN, and DExTER (1950) 
ie Size of Degree of Pulm. flow 
No. Pulm. artery Pulsation 1./sq.m./min. Pulm. artery 
Diagnosis of ————— - (Usual range, pressures 
ry (ot cases Right . Right b and average (Usual range) 
) wm Branches P.A. Branches | in brackets) 
at 7 | Increased flow without increased pressure 
ng =f A.S.D. 7 ao 1-6 1-6 1 7-15 (10-3) 35/15 to 20/7 
ry | 
r P.D.A. 9 | WA 0-9 0-9 03 | 3747) 35/12 to 20/10 
sle Increased pressure without increased flow 
Fisenmeng. 8 2:5 2:0 0-9 0-5 | 2-4 (2-9) | 130/65 to 100/55 
ee Mitral Stenosis . 2-0 2-0 0-2 0 | 24-1) 115/60 to 40/20 
in- - Increased flow and pressure 
t ASD 5 2:6 2:8 1-5 1-4 7-19 (12-5) 85/40 to 45/20 
to P.D A 4 1-5 2-0 04 | O4 | 920 (12-5) 60/40 to 45/25 
re.  @ | 
of ~~ 
| gro. ps where the pressures were the same but the flows greater, A.S.D. showed larger vessels and 
1 7 mo: pulsation than P.D.A. This was also true when the pressures and flows were both greatly 
une ) inci ised. The Eisenmenger cases showed much more pulsation than the mitral stenosis cases 


illy : alth ugh the flows were the same. This might be an intrinsic difference or might be because the 
ied | ‘pres ures were higher; the former seems more likely because separating the A.S.D. cases into those 
ade } with high and those with normal pressures did not make much difference to the degrees of 
ary } puls tion. 

ere | is interesting that these figures are so similar to mine because many of my patients were children 
(ion |) anc .one of those of Healey et al. were under 9 years of age. Another reason for analyzing their 
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A B 
Fic. 7.—Teleradiograms from a healthy student (A) before and (B) immediately after violent exercise, showing that 
in normal conditions the pulmonary flow can be greatly increased without producing the picture of pleonemic 
lungs. 


figures was lest my subjective judgement of size and pulsation had been increasingly biassed by 
the views I had formed. 

The increase of pulmonary flow with exercise. If increased pulmonary flow causes the visible 
pulsation in the pulmonary arteries, the normal increase of pulmonary flow after exercise might 
demonstrate these changes. Some observations’ carried out to test this showed that normally the 
pulmonary flow can be greatly increased without any change, so that it can only be increased flow 
maintained over a long period that is responsible. 

Two healthy young men who were in moderate training ran up the three flights of stairs above 
the X-ray room five times in quick succession, and a film was taken just before and immediately 
after. As this exercise meant they ran up and down 455 stairs in rather over four minutes, there 


must have been a large pulmonary flow, probably four times its normal. As further evidence of 


this, the pulse rate of the first student was still 134 a minute after the completion of the second 
X-ray, and that of the second, which had been 70 before exercise, fell from 170 to 124 in the three 
minutes after. 

In spite of this considerable increase of the pulmonary flow, no difference could be seen in tie 
films taken before and afterwards: apart from the marking, the films taken after exercise could 
only be distinguished by the greater prominence of a small shadow, probably the inferior vena ca‘ a. 
The second student repeated this exercise on another day so that he could be screened immediatly 
after ii. There was no obvious difference, though possibly it was just a little less difficult to -ce 
the normal pulsation in the main right and left pulmonary arteries. 
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SUMMARY 


The size of the right pulmonary artery and the degree of visible pulsation in this vessel and in 
the smaller branches of the middle and peripheral thirds of the lung fields have been classified in 
four grades in various types of congenital heart disease and in mitral stenosis. They have been 
compared with the pulmonary blood flow and pulmonary arterial pressure as determined by cardiac 
catheterization. Visible pulsation is in general evidence of increased pulmonary flow. 

Pulsation in the right pulmonary artery is greatest in atrial and ventricular septal defect, in 
Eisenmenger’s complex, and in transposition of the aorta and pulmonary artery: it is much less 
in patent ductus arteriosus and in pulmonary hypertension, and insignificant in mitral stenosis. 
Pulsation in the peripheral third of the lung and a hilar dance are only seen in atrial and ventricular 
septal defects and in transposition, and occasionally in Eisenmenger’s complex. 

The main pulmonary arteries are largest in cases of Eisenmenger’s complex and transposition. 
They are dilated but not quite so much in atrial septal defect, in pulmonary hypertension, in 
ventricular septal defect, in mitral stenosis, and in patent ductus, in this order. The range of 
variation in these groups is much the same, except that all the cases of patent ductus fall in the lower 
part of the range. 

The size of the pulmonary arteries is influenced both by increased pressure and by increased 
flow, and still more when both are increased. Visible pulsation is seen when there is an increased 
flow, whether the pressure is increased or not. In septal defects, increase of pressure has no further 
effect on pulsation but it may in some other conditions, e.g. Eisenmenger’s complex. 

A.S.D. and V.S.D. have more effect on size and much more effect on pulsation than P.D.A. has, 
independently of the increase of flows and pressures, because a large part of the cardiac output 
is forced into the arteries suddenly during systole instead of more gradually during systole and 
diastole. Eisenmenger’s complex has more effect on pulsation than pulmonary hypertension or 
mitral stenosis has, independently of flows and pressures, possibly because an increased flow in 
the past has led to this change. 

A large pulmonary blood flow increases the size of the pulmonary artery and the degree of 
visible pulsation, whether the pulmonary arterial pressure is increased or not. A high pulmonary 
pressure, without a large flow, increases the size of the right and left pulmonary arteries, but has 
little or no effect on the degree of visible pulsation, except in Eisenmenger’s complex. 


| am glad of the opportunity of thanking Sir John Parkinson for all I have learnt from him about the radiology 
of the heart. I am also grateful to Mr. E. L. York, classical tutor of New College, Oxford for suggesting the word 
Oligiemic (oAvyacwos) and to Dr. H. St. H. Vertue for adding the contrasting pleonemic (Acovaipos). 
should also like to thank Dr. Deuchar for the results of cardiac catheterization in most of the cases; Drs. 
Holling and Zak in Cases 10, 14, 17, 19, 32, 41, 42, 45 and most of the cases of mitral stenosis; and Dr. Paul Wood 
in Cases 16, 29, 36, 37, 54, and 59. 
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THE EFFECT OF DEEP INBREATHING ON LEAD III 
OF THE ELECTROCARDIOGRAM 


BY 
WILLIAM EVANS 


House Physician to Dr. John Parkinson, 1927; Paterson M.O. and Chief Assistant to the Cardiac Department, London 
Hospital, 1933 and 1934; Assistant Physician to the Cardiac Department, London Hospital, 1938-48. 


Received January 17, 1951 


The influence of the position of the heart on the form of the electrocardiogram has been known 
for close on halfacentury. It was discussed by Waller (1913 and 1914) and more fully by Einthoven 
et al. (1913), but the bearing of this fact on the diagnosis of heart disease has not received much 
attention. The effects of deep inbreathing on the tracing are found to be common, especially in 
lead III, showing that this lead may deceive if studied without regard to the lie of the heart in the 
chest. It was decided to test the effect of deep inspiration on lead III, both in health and in patients 
with heart disease, and the results of such observations are here described. 


LEAD IIIR IN HEALTH 


Since respiration plays a part in the production of the tracing, the designation IIIR is proposed 
for this lead where R stands for respiration. The lead was first specially examined in 200 healthy 
adults: none had symptoms of heart disease and none had abnormal signs on routine clinical 
and radiological examination; subjects under 20 years of age were excluded. The three limb 
leads were recorded in the semi-recumbent position; lead IIIR was then taken during halted respira- 
tion at the end of deep inspiration; the bipolar chest leads, CRI, CR4, and CR7, were also 
recorded; and unipolar limb lead VF was often added. In no single instance among the 200 cases 
was lead IIIR identical with lead III; sometimes the form of the curve was noticeably altered, but 
sometimes the change was confined to two of the primary waves or even to a single wave. 

Naturally, the rate was often affected, usually quickening at the start of inspiration, but soon 
becoming slower even before expiration commenced. In five cases extrasystoles appeared in IIIR 
and in three these were present in III but absent in IIIR (Fig. 1); in another case deep inspiration 
always induced a short bout of paroxysmal tachycardia. 
| is convenient to describe the changes that took place, in the case of P, Q, R, S, and T waves, 
of the S-T segment in turn. As the P-R period was never abnormally prolonged it was not 
sted to change noticeably during deep inbreathing, nor did it. 
he P wave. P III was upright in 173, flat or isoelectric in 4, and inverted in 23 cases. In 
tho-e where the P was upright in III, it became taller in II[R in 109, unchanged in 60, and less tall 
in 4 subjects with a centrally placed heart on radiological examination. In the four with a flat 
P Il! it was taller in IIIR in one and unchanged in the other three. Among the 23 with an inverted 
P I\.. it was less inverted, flat, or upright in IIIR in 22, and unchanged once. 

ie Q wave. The initial deflection of the QRS III complex was directed downwards (Q) in 
69 « ‘ses and upwards (R) in the remaining 131. 

here Q III was present, it was deep (greater than 2 mm.) in 16, and less than 2 mm. in the 
rem ining 53; in this second group it remained unchanged in IIR in 35 and disappeared in 18 cases. 
In \ ie 16 cases in the first group it was absent in IJIR in 7, and it was also less deep in the other 
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9 cases. Thus, a Q III was shown to be without significance in 25 out of 69 cases, for it was nc 

present in IIIR. Videla (1939 and 1942) in a careful study of this subject found that Q III becam: 
less deep in cases with a high diaphragm during inspiration which depressed the diaphragm. Ly!: 
(1944) stated that in some cases without cardiac pain where there was no Q wave in the unipolar 
lead VF, and where presumably a Q in lead III was a positional effect, it could not be made tu 
disappear by deep inbreathing; she concluded that its failure to disappear was not incontrovertible 


proof of a coronary origin. 





Fic. | Fi. 2 


Fic. 1.—Extrasystoles induced by deep inspiration in Case 1, and anulled in Case 2. 
Fic. 2.—High diaphragm in pregnancy. T in IIIR inverted as in III. 


In none of my healthy cases did a Q wave that was deep in III remain deep in IIIR, neither did 
a Q wave ever become exaggerated in IIIR, nor did a Q appear in IIIR if it had been absent in III. 

The R wave. In each of the 11 cases where R was absent in III it appeared in IIIR. In the 
remaining 189 where R III was present, it became taller in II[R in 137, remained unchanged in 47, 
and became less tall in 5; in one of these, the S wave became deeper at the same time. 

The S wave. §S III was absent in 90 and present in the remaining 110 cases. In the former 
group it remained absent in IIIR in all but two, and in these the heart was vertical. In the second 
group with S III present, it became less deep in 78 and in 34 of these it disappeared; it remained 
unchanged in 14 and in 18 it was deeper than in lead III. 

The T wave. Norris and Massie (1947) said there was a tendency, in health, for inspiration to 
increase the positivity of all deflections, including the T wave. In my series T III was upright in 
107, flat in 25, and inverted in 68 of the 200 cases. In the first group of 107 cases T was taller in 
IIIR in 91, and was unchanged in 16. In all of the second group of 25 cases the T in IIIR became 
upright. In the third group of 68 cases the inverted T in lead III became upright in IIIR in 42 and 
less inverted in 25 cases; in one woman six months’ pregnant, the inverted T wave remained 1in- 
changed in IIIR (Fig. 2). 

The S-T segment. There was no change in the S-T segment in IJIR from that in III in !97 
cases. In two of the remaining three cases it became raised in IIIR and in one of these it was 
slightly depressed in III. In only one subject did the S-T segment become depressed in IIIR «nd 
this was a man of 80 years of age who appeared to be a healthy subject but was subject to paroxys! \al 
tachycardia. 

Code of normality for lead IIIR. The foregoing analysis of the IIIR cardiogram has shown he 
common changes expected to take place in the tracing in health (Fig. 3) and has established w'iat 
is the deviation from the normal pattern that tells of the presence of heart disease; such chan es 
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affect the Q and T waves and the S-T segment; they are here described for each and deduced from 
the findings in this the control group of 200 healthy subjects. 

A Q wave of 2 mm. or under in lead III may persist in IIR in health, but a Q deeper than 2 mm. 
is never found in the healthy adult. Again, a Q in III never deepens in IIIR, nor appears in 
I11R when absent in III. 

An upright 7 wave in III never lessens in IIR, while a flat or inverted T rises significantly in 
I11R; rarely, failure of the T wave to rise may be met with in health if the diaphragm for any reason 
does not move downwards on inbreathing. 

Depression of the S-T segment in IIIR is a change not met with in health, and in the meantime 
such changes should be accepted as evidence of heart disease if not due to digitalization. 





Fic. 3 Fic. 4 


Fic. 3.—Changes in II]Rin health. (1) Ptaller. (2) Qshorter. (3) Qabsent. (4) R taller 
and S shorter. (5) T taller. (6) Inverted T in III upright in IIR. 


Fic. 4.—Cardiac infarction. Flat T in III and VF inverted in ITIR and VFR. 


Comparison of lead IIIR and VF. Myers and Oren (1945) found a Q wave in VF in 8 out of 
25 healthy subjects who showed a Q III. Obvious T inversion in VF is not as common a finding 
as in III because in the unipolar lead the influence of the electrical potential at the left leg, although 
present is less obvious. This investigation has shown that such a failing in III is invariable, for in 
the 200 healthy subjects assembled as a control group, leads IIIR and III were different in some 
dei.il every time. Like lead III, VF is altered by deep inbreathing (Fig. 4 and 5). Thus VF does 
nol give information comparable with that obtained from recording leads III and IIR, and it is 
necessary to repeat VF during deep inbreathing (VFR) to obtain a cardiogram free from the effects 
of ‘he natural uplift of the heart by the diaphragm. Even then, the change taking place in IIIR 
Wh. the T wave has been obviously deformed in III in health is so striking as to provide valuable 
infrmation which is not gained from a comparison of VF and VFR because of the minimal change 
wh -h such a combination of leads shows. 


LEAD IIIR IN HEART DISEASE 


‘laving determined the pattern of the IIIR- cardiogram in health, its form was next studied in 
the common kinds of heart disease, especially having in mind the help it might give in the detection 
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of coronary artery disease before obvious changes showed in the cardiogram habitually used in the 
investigation of such cases. 

Thus, lead IIIR was examined in 200 patients, 60 of them with left and 10 with right ventricular 
preponderance, 20 with left and 20 with right bundle branch block, and 77 with cardiac infarction. 
The remaining 13 had chest pain and lead IIIR provided the only cardiographic abnormality that 
might indicate coronary artery disease, the presence of which was proved by unequivocal evidence 
of cardiac infarction in other leads on previous or subsequent occasions. 


LEFT VENTRICULAR PREPONDERANCE 


Two groups of patients were used to observe the behaviour of this lead in left ventricular preponderance 
namely, those with hypertension (40 cases) and those with aortic valvular disease (20 cases). 

In hypertension. Lead IIIR was examined in 40 patients with hypertension in whom there was lefi 
ventricular preponderance with depression of the T wave and of the S-T segment in leads I and CR7. It 
is known that this cardiographic pattern may often mask the changes that are the outcome of cardiac infarc- 
tion, and IIIR was specially examined for the contribution it might make to help such a diagnosis. It was 
for this reason that the 40 patients were divided into two groups—20 patients with hypertension and without 
chest pain, and the other 20 with pain that subjectively was characteristically cardiac. These two groups will 
be considered separately. 
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Fic. 5 FIG. 6 Fic. 7 


Fic. 5.—Cardiac infarction. Upright T in III and VF inverted in IIIR and VFR. 
Fic. 6.—Hypertension without cardiac pain. Inversion of T in III[R suggests coronary arterial disease. 
Fic. 7.—Nephritic hypertension without cardiac pain. Flat T in IIIR suggests coronary arterial disease, 
and this was found at necropsy (see Fig. 8). 


Hypertension without pain. There was depression of the S-T segment with lowering of the T wave in 
leads I and CR7 in every case, but in only two was there deep and sharp inversion of the T wave. The 
changes were always a little more noticeable in CR7 thanin I. In only two was there inversion of the 7 in 
CR4 and in both this change was less than in CR7. 

In three of the cases the limb leads showed changes expected in posterior cardiac infarction, and lead 
IIIR showed depression of the S-T segment and of the T-wave in each of these. In five others such chanzes 
in IIIR (Fig. 6, 7, and 8) provided the only cardiographic abnormality that might be evidence of underly ng 
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Fic. 8.—Coronary arterial disease in nephritic hypertension (Fig. 7). 
Arrows indicate sites of great narrowing. 


onary artery disease, and in two of these necropsy confirmed this; the other three patients are still alive. 
the remaining 12, no signs in IIIR or any other lead were present to suggest the addition of coronary 


ry trouble to the existing hypertensive heart disease. 
‘Typertension with cardiac pain. There was depression of the S-T segment in leads I and CR7 in each 


the 20 cases, together with a lowering of the T wave, which in 9 cases was in the form of a deep inver- 


such deep inversion was commoner in this group, for only two of the patients without pain showed 
\gain, the inversion of T in CR4 was commoner (9 against 2) in this group where pain was an added 
tom, and in 8 of them the T inversion was greater in CR4 than in CR7. In another 7, evidence of 
rior infarction was present in the limb leads II and III. 
each of the 20 patients an abnormal Q wave (in five cases) and/or depression of the S-T segment and 
wave (in 18 cases) were present in lead IIIR (Fig. 9), indicating the presence of coronary arterial 
e, if not of cardiac infarction as well. 
comparison of the two groups of patients with hypertension has allotted an importance to lead IIR 
eans of detecting coronary arterial disease when the signs of it may be masked by the cardiographic 
1 of left ventricular preponderance from hypertension. The findings suggest that lead III[R may also 
) estimate the prognosis in a patient with hypertensive heart disease. In the cardiographic diagnosis 
liac infarction in the presence of hypertension it may be said, therefore, that such can be presumed 
e or all of the following findings are present; changes in the limb leads characteristic of infarction; 
wersion of the T wave in the absence of a very tall R wave (Shillingford and Leatham, 1950); T 
on present in CR4 and in excess of that in CR7; depression of the S-T segment and T wave in IIIR. 
iortic valvular disease. All 20 cases in this group had either aortic stenosis, aortic incompetence, 
h. Their routine cardiogram showed inversion of the T wave in lead I or in II and III, and in CR7, 
usually small and S large in lead III. 
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In six cases a Q wave, less than 2 mm. in depth, was present ii 
If and it always persisted in IIIR. T IIL was upright in nine, 
flat in two, and inverted in nine. Of the nine with an uprigh: 
T, it was lower in IIIR in five, and the S-T segment was de- 
pressed without such a change in the T in the other four. In 
the two instances of an upright or flat T in III it became in- 
verted in IIIR (Fig. 10) while in the nine in whom the T was 
inverted in III the inversion was increased in IIIR in every 
instance. 

It is not yet known for certain whether such changes indi- 
cate underlying coronary arterial disease or whether they are 
the outcome of a shift of the hypertrophied muscular mass, but 
this latter explanation is more likely because changes in IIIR 
may be the first cardiographic sign of aortic stenosis. 


RIGHT VENTRICULAR PREPONDERANCE 


fl Lead IIIR was examined in 10 patients with right heart 
hypertrophy either from pulmonary or from congenital heart 
disease; it showed no constant change in that the inverted T 
wave in lead III was sometimes unaltered in IIIR, sometimes 
Fic. 9.—Hypertension with cardiac pain. less inverted and at other times more inverted, and this last 


Upright T in III, flat T in IIR. change was invariable in the presence of digitalization. 





Lert BUNDLE BRANCH BLOCK 


Lead LIIR was examined in 20 patients with left bundle branch block. Although it was not possible to 
name the cause of the block in all of them, hypertension was present in four and eight had chest pain remini- 
scent of cardiac pain. Among the unimportant changes in IIIR were a taller R wave and a shorter S 
than in lead III. The most noticeable change was a depression of the S-T segment, which took place in all 
save two cases; this S-T depression was not, however, associated with a lowering of T except in two patients 
with cardiac pain where an upright T wave was depressed in one and inverted in another, inferring the 
presence of coronary arterial disease and cardiac infarction. In nine patients, a Q wave, usually prominent, 
was present in lead III, but in seven of these its absence in IIIR proved it to be a false Q; in the other two, 
both of whom had cardiac pain, the Q persisted (Fig. 11). 


RIGHT BUNDLE BRANCH BLOCK 

Lead IIIR was examined in 20 patients with right bundle branch block—8 with cardiac pain, 3 with auricu- 
lar septal defect, 1 with pulmonary embolism, | with mitral stenosis, 1 with hypertension, and 6 without other 
evidence of heart disease. AA common change in IIIR was a lowering of the R1 wave, and it was found in 
12 out of 20 cases (Fig. 12). When changes took place in T III, which was inverted in 17 cases, it usually 
became less inverted irrespective of the cause of the block; in two it actually became upright. 

In two patients, both subject to cardiac pain, the S-T segment became depressed. In three of the eight 
with cardiac pain, a Q wave which had been absent in III developed in IIR, and this provided the only 
sign of coronary arterial disease in these cases; in two others a Q wave of less than 2 mm. in lead III, per- 
sisted in IIIR, while in the remaining two, Q was absent in both leads III and IIR. Among the 12 cases 
of right bundle branch block without cardiac pain a Q III was present in three and in each it was absert in 
IIIR. 


CARDIAC INFARCTION 


Lead IIIR was next examined in 77 patients with cardiac infarction. In 20 of these T was 
inverted in leads I and CR4 placing the infarct anteriorly. In another 20, T was inverted in leid1 
and CR7 so that the infarct was disposed laterally, while in 37 patients the infarct was situ ted 
posteriorly and the T was inverted in lead III and often in lead I]. The changes in IIIR will .0w 
be described for each of the three groups. 
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Fic. 10 Fic. 11 Fic. 12 


Fic. 10.—Aortic stenosis. Upright T in III, inverted in IIR. 
Fic. 11.—Left bundle branch block. Common changes in IIIR shown as depression of S-T segment in Case 1, 
Q wave disappearing in Case 2, and Q remaining in Case 3. 
Fic. 12.—Right bundle branch block. R and early part of S-T segment in III depressed in IIR. 


In anterior cardiac infarction. \n 20 patients where deformity of the T wave was confined to 
leads | and CR4, no significant change was found in IIIR. Naturally, the R wave often became 
taller and the S wave shorter in IIIR, but the S-T segment never showed depression and there was 
no lowering of the upright T wave. In other patients (not included in this series) where the cardio- 
graphic signs of anterior infarction were uppermost, if depression of the S-T segment, and/or the 
T wave occurred in IIIR, the T wave was also found to be low in CR7, showing that the infarction, 
although mostly in the front of the heart, was also extending laterally. 

!n lateral cardiac infarction. \n 20 patients with inversion of T in leads I and CR7, the upright 
T |!f was invariably lower in IIIR and in one it became inverted. In 15 out of the 20 cases the S-T 
seyment was depressed in addition to the lowered T wave (Fig. 13). 

‘n posterior cardiac infarction. In 37 patients where cardiac infarction was posterior according 
to te limb leads, Q III was deep in 23, less than 2 mm. in five, and absent in nine. In the first group 
Q !'!R remained prominent and greater than 2 mm. in 20, and persisted, but less than 2 mm., in 
3 co.es; in the second group of 5 cases with a small Q III, it was absent in IIIR in three; in the 
thir group of 9 cases the Q remained absent in IIIR. T in IJIR was not once raised significantly 
in ti)» 37 patients in all of whom it had been inverted in lead III. The S-T segment was depressed 
in}; R in eight cases and in two of these Q III had been less than 2 mm., while it was absent in the 
oo six; the S-T segment was not depressed in IIIR in the 23 examples where Q III was greater 
than 2 mm. 

e incidence of S-T depression in IIIR and of T inversion in CR7 showed that cases hitherto 
nom ated as posterior cardiac infarction from inspection of limb leads belonged to one of two 
grou s, the TIL T7 kind and the QTIII kind. 
us, in the T/II T7 kind (postero-lateral infarction) a significant Q was absent and T III was 
inve: cd, the S-T segment was depressed in IIIR, and this and the T wave were similarly deformed 
in C7 (Fig. 14). In the QTIII kind (postero-inferior infarction) a significant Q accompanied the 
T in crsion in lead III; there was no depression of the S-T in IIIR although the T failed to rise, 
and scither the S-T segment nor the T wave were affected in CR7 (Fig. 15). 
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Fic. 13 Fic. 14 Fic. 15 


Fic. 13.—Cardiac infarction (lateral.) Upright T in III lowered in THIR. 
Fic. 14.—Cardiac infarction (postero-lateral). Absent Q in III, flat T in CR7, and S-T einen 
in ITIR. 
Fic. 15.—Cardiac infarction (postero-inferior). Significant Q in IIT, upright T in CR7, and no S-T 
depression in IIIR. 


If the S-T or T in CR7 in this group showed a deformity, lead I and/or CR4 showed a similar 
change, or sometimes the T was sharply inverted in lead II, and the infarction was not confined to 
the lateral and posterior aspects of the heart. 

Changes in lead IIIR as a lone sign of cardiac infarction. After determining the appearance of 
the IIIR cardiogram in health and the way it differed from lead III, and having discovered its pattern 
in several forms of heart disease, it was natural to test it in the diagnosis of coronary arterial disease 
when changes were absent in the customary limb and chest leads. Abnormal signs in IIIR were 
also sought in patients in whom the orthodox cardiogram produced only equivocal signs. Indeed, 
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Fic. 16 Fic. 17 
Fic. 16.—Cardiac infarction. S-T depression in IIIR in patient with cardiac pain who died in an attack 
, two months later. 
Fic. 17.—Cardiac infarction. S—T depression in IIIR a lone abnormality in second cardiogram. 
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it was in such cases that lead IIIR proved most useful, so that sometimes it showed depression of 
the S-T segment as the only abnormal cardiographic sign early in a patient’s illness (Fig. 16), and 
only later would it be joined by other and more obvious signs of cardiac infarction (Fig. 18), 
Another time when the cardiogram might show recovery from an obvious deformity of the T wave 
in a patient with cardiac pain, changes in lead IIIR remained as the only evidence of myocardial 
damage (Fig. 17). More common was the routine cardiogram where equivocal changes were 
present and where IIIR supported the suggestion that such changes indicated cardiac infarction. 


¢ 








March 1950) April 1950)” 
Fic. 18.—Cardiac infarction. S-T depression in IIIR a lone abnormality in first cardiogram. 


SUMMARY AND CONCLUSIONS 


Variation in the pattern of lead III caused by a shift in the position of the heart from a change 
of body posture led to a study of the lead taken during deep inspiration in 200 healthy subjects and 
in the same number of patients with heart disease. Since respiration plays a part in the recording 
of this lead it has been named IIIR where R stands for respiration. 

in no instance was the form of IIIR the same as III, giving proof of the unreliability of any lead 
that is built up in part from the electrical potential at the lower extremity. Among the common 
changes in IIIR in health were an increase in the height of the P, R, and T waves anda shortening 
of the S wave, compared with that found in lead ITI. 

it was possible from the examination of lead IIIR in the healthy series to describe for it a code 
of vormality in the adult. Thus, a Q wave of 2 mm. or under in lead III may persist in ITIR, but a 
Q cceper than 2 mm. is never found in IIIR. Again, a Q in III never deepens in IIIR, nor appears in 
II!!* when absent in III. An upright T wave in III never lessens in IIIR, while a flat or inverted T 
rise. significantly as a rule in IIIR unless, as rarely happens, the heart is prevented from descending 
du: ng deep inbreathing, or when it even moves upwards (paradoxical displacement) as in paralysis 
of | e left dome of the diaphragm. Depression of the S-T segment in IIIR is not a change so far 
fou d in healthy subjects. 

left ventricular preponderance from hypertension a depression of the T wave and S-T segment 
Was incommon when cardiac pain was absent, but in those patients with pain such a change was 
inv iable in IITR; when this change took place in patients without pain it was regarded as evidence 
of . ‘ded coronary arterial disease. In left ventricular preponderance from aortic stenosis depres- 
sio', of the S-T segment and/or of the T wave in IIIR was a constant finding and this change may 
be e earliest cardiographic evidence of aortic stenosis. 
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Fic. 13 Fic. 14 Fic. 15 


Fic. 13.—Cardiac infarction (lateral.) Upright T in III lowered in IHR. 
Fic. 14.—Cardiac infarction (postero-lateral). Absent Q in III, flat T in CR7, and S-T pny 
in IIR. 
Fic. 15.—Cardiac infarction (postero-inferior). Significant Q in III, upright T in CR7, and no S-T 
depression in IIIR 


If the S-T or T in CR7 in this group showed a deformity, lead I and/or CR4 showed a similar 
change, or sometimes the T was sharply inverted in lead II, and the infarction was not confined to 
the lateral and posterior aspects of the heart. 


Changes in lead IIIR as a lone sign of cardiac infarction. After determining the appearance of 


the IIIR cardiogram in health and the way it differed from lead III, and having discovered its pattern 
in several forms of heart disease, it was natural to test it in the diagnosis of coronary arterial disease 
when changes were absent in the customary limb and chest leads. Abnormal signs in IIIR were 


also sought in patients in whom the orthodox cardiogram produced only equivocal signs. Indeed, 
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Fic. 16 Fic. 17 
Fic. 16.—Cardiac infarction. S-T depression in IIIR in patient with cardiac pain who died in an attack 
. two months later. 
Fic. 17.—Cardiac infarction. S~—T depression in IIIR a lone abnormality in second cardiogram. 
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it was in such cases that lead IIIR proved most useful, so that sometimes it showed depression of 
the S-T segment as the only abnormal cardiographic sign early in a patient’s illness (Fig. 16), and 
only later would it be joined by other and more obvious signs of cardiac infarction (Fig. 18), 
Another time when the cardiogram might show recovery from an obvious deformity of the T wave 
in a patient with cardiac pain, changes in lead IIIR remained as the only evidence of myocardial 
damage (Fig. 17). More common was the routine cardiogram where equivocal changes were 
present and where IIIR supported the suggestion that such changes indicated cardiac infarction. 
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Fic. 18.—Cardiac infarction. S-T depression in IIIR a lone abnormality in first cardiogram. 


SUMMARY AND CONCLUSIONS 


Variation in the pattern of lead III caused by a shift in the position of the heart from a change 
of body posture led to a study of the lead taken during deep inspiration in 200 healthy subjects and 
in the same number of patients with heart disease. Since respiration plays a part in the recording 
of this lead it has been named IIIR where R stands for respiration. 

In no instance was the form of IIIR the same as III, giving proof of the unreliability of any lead 
that is built up in part from the electrical potential at the lower extremity. Among the common 
changes in IIIR in health were an increase in the height of the P, R, and T waves anda shortening 
of the S wave, compared with that found in lead III. 

It was possible from the examination of lead IIIR in the healthy series to describe for it a code 
of normality in the adult. Thus, a Q wave of 2 mm. or under in lead III may persist in IIIR, but a 
© deeper than 2 mm. is never found in IIIR. Again, a Q in III never deepens in IIIR, nor appears in 
111R when absent in III. An upright T wave in III never lessens in IIIR, while a flat or inverted T 
rises significantly as a rule in IIIR unless, as rarely happens, the heart is prevented from descending 
during deep inbreathing, or when it even moves upwards (paradoxical displacement) as in paralysis 
of the left dome of the diaphragm. Depression of the S-T segment in IIIR is not a change so far 
found in healthy subjects. 

In left ventricular preponderance from hypertension a depression of the T wave and S-T segment 
vas uncommon when cardiac pain was absent, but in those patients with pain such a change was 
iivariable in IIR; when this change took place in patients without pain it was regarded as evidence 
cf added coronary arterial disease. In left ventricular preponderance from aortic stenosis depres- 
sion of the S-T segment and/or of the T wave in IIIR was a constant finding and this change may 
he the earliest cardiographic evidence of aortic stenosis. 
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No constant pattern was found for IIIR in the cases of right heart preponderance examined. 

In /eft bundle branch block depression of the raised S-T segment in III took place in ITIR, but 
without noticeable lowering of the T wave. A more significant change was the appearance of an R 
wave in IIIR which had often been absent in III, thereby showing that the Q wave had been decep- 
tive; if no R wave appeared it confirmed a diagnosis of cardiac infarction. 

In right bundle branch block a reduction in amplitude of Rl was common while the T wave, 
usually inverted, became less so. Here again the value of IIIR was greatest when it proved the 
presence of a true Q greater than 2 mm. in lead III; or when a Q, absent in III, made its appearance 
in IIIR, and in this event connoted the presence of coronary arterial disease. 

Lead IIIR had its greatest use in the diagnosis of cardiac pain. In patients where the presence 
and site of cardiac infarction were told by the customary limb and chest leads, IIIR was found 
unchanged in anterior infarction, but the S-T segment and the T wave became depressed whenever 
the infarct was disposed laterally. Patients judged by the limb leads to have posterior infarction 
were placed in two groups in accordance with a cardiographic classification. In one (TIII T7 
kind, postero-lateral infarction) inversion of T III was not associated with a significant Q wave, and 
there was depression of the S-T segment and/or of the T wave in IIIR; similar changes also appeared 
in CR7. In the second (QTIII kind, postero-inferior infarction) a significant Q III was present in 
addition to T inversion, and here no changes took place in IIIR except that the inverted T failed to 
rise significantly. 

In a number of patients lowering of the S-T segment and the T wave in IIIR provided the only 
cardiographic abnormality suggesting cardiac infarction, of which previous or subsequent tracings 
gave proof. For this reason, lead II[R should never be omitted from an electrocardiographic 
investigation of cardiac pain. 
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While there are reasons for believing that anticoagulants are valuable in the treatment of cardiac 
infarction, their use in preventing the disease has remained more debatable. It is our purpose 
in the present study to examine the possibility of forestalling acute coronary occlusion by the 
administration of heparin or dicoumarol or both during the phase of premonitory symptoms. 
The evidence based upon animal experiment and clinical work will be reviewed; our own group of 
successfully treated patients will be described and contrasted with a comparable group in which this 
treatment failed in its purpose. Reference will also be made to the unusual cases in which patients 
suffering from coronary disease present (sometimes repeatedly) the prodromal symptoms without 
developing the expected sequel of infarction, even though no anticoagulant treatment be given. 

Since the earliest clinical studies of cardiac infarction it has been recognized that while the illness 
often comes without warning there are instances in which premonitory pains foreshadow the event. 
At a time when the clinical recognition of cardiac infarction was infrequent, Wearn (1923) wrete 
that “* the onset may occur after a number of anginal attacks which, together with the dyspnoea, may 
constitute the only previous warnings of involvement of the coronary arteries.” A year or two later 
Kahn (1926), Parkinson and Bedford (1928), and Levine (1929) drew attention to the same fact. 
Since then the published references to prodromal pain have been numerous; they include those of 
Willius (1936), Feil (1937), Sampson and Eliaser (1937), Brill (1938), and Plotz (1944). Behrmann 
et al. (1950) listed the modes of onset of cardiac infarction and indicated that premonitory pain 
must be due to rapidly forming thrombus or subintimal hemorrhage with fairly rapid occlusion of a 
coronary artery. More recently Mounsey (1951) has laid down the criteria for acceptance of 
symptoms as “ prodromal ” and has recounted the clinical and cardiographic features of this state. 
His findings support the concept of a gradually decreasing coronary lumen with increasing myo- 
cardial ischemia as the cause of the pain terminating in infarction. He claims that the fatality 
rate is lower among patients who show prodromal symptoms than among those who do not. 


UsE OF ANTICOAGULANTS IN MYOCARDIAL ISCHAEMIA 


The use of heparin and dicoumarol in the treatment of some cases of infarction is now well 
established in cardiological practice. There are still those who are sceptical as to the value of such 
treatment and there are yet others who would treat almost every case with these drugs. The ideal 
probably lies somewhere between these extremes. Shirley Smith (1950) and Papp and Shirley 
Sinith (1951) have included among the purposes of anticoagulant therapy in coronary disease “* the 
ain of preventing cardiac infarction when pain of increasing severity or frequency seems to threaten 
this development.” Wright (1949) has employed anticoagulants over long periods in ambulant 
p: tients and considers that recurrent coronary thrombosis with myocardial infarction is an indication 
fcr such treatment. It has been found that therapeutic doses of dicoumarol have ‘no effect upon 
467 
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sedimentation rate in normal ambulatory subjects (Palmer and Gunderson, 1948; Hyman and 
Harris, 1950); this test therefore retains its diagnostic value during treatment in helping to decide 
whether or not cardiac infarction has supervened. It has to be remembered also that heparin may 
act not only by hindering coagulation of the blood but also by causing direct vaso-dilatation, as 
shown by Abrahams and Howarth (1950). 


Use OF ANTICOAGULANTS TO PREVENT VASCULAR THROMBOSIS 


The production of heparin in a form sufficiently pure for therapeutic use synchronized with its 
use on experimental animals to determine its value in preventing coronary thrombosis. Solandt 
and Best (1938) found that the introduction of sodium ricinoleate into the coronary artery of a dog 
would produce occlusion in 20 hours and that this could be prevented by the intravenous injection 
of highly purified heparin prior to the introduction of sodium ricinoleate into the lumen of the 
coronary artery. They emphasized that heparin might have therapeutic possibilities in acute 
coronary crises if it were not for the absence of premonitory signs of these conditions. 

The value of anticoagulants in the prevention of post-operative thrombosis and embolism was 
demonstrated by Allen et al. (1947). Large-scale investigations on anticoagulants in the treatment 
of cardiac infarction were undertaken (Parker and Barker, 1948; Wright et a/., 1948) in the following 
year. Even before these studies the first attempts to forestall acute coronary thrombosis by these 
substances had been made by Nichol and Fassett (1947), who gave an account of five patients who 
after having had multiple myocardial infarctions were given dicoumarol continuously for periods of 
6 to 33 months with improvement in the angina and without further coronary occlusion while 
effective doses were maintained. Similar results have since been described on larger series by 
Nichol and Borg (1950). 

The syndrome of angina pectoris gravis acuta or protracted coronary insufficiency prodromal of 
infarction has been described by Holtzman (1948); in one case he made an unsuccessful attempt to 
prevent cardiac infarction by the use of heparin and dicoumarol. Earlier workers (Cotlove and 
Vorzimer, 1946) had also been disappointed in the use of dicoumarol in this condition, remarking 
that it was “* probably of no value in preventing or minimizing coronary thrombosis.” Similarly, 
Reich and Eisenmenger (1948) reported two cases in which new coronary involvement occurred 
while the patients were kept at an effective prothrombin level with dicoumarol; they concluded that 
the main use of this substance in this disease was in preventing thrombo-embolic complications. 
Wood (1949) treated 10 patients with angina at rest by heparin and dicoumarol in the hope of 
preventing cardiac infarction: there was recovery in 8 without infarction while the other 2 died 
from cardiac causes three or four weeks after the cessation of treatment; these results were better 
than those in 9 controls treated without anticoagulants. This author holds (Wood, 1950) that in 
some patients a reasonably sure diagnosis of impending cardiac infarction may be made and that 
treatment by anticoagulants should be started immediately. 


BASIS OF PRESENT INVESTIGATION 


An unselected group of 200 patients observed during the past three years with cardiac infarction 
has been reviewed from the standpoint of the frequency of premonitory pain. A group of 30 
patients were found to have had such symptoms; of these, 12 had slight, 6 had moderate, and 12 
had severe cardiac infarction. Six of the thirty patients died and five of them belonged, as might b: 
expected, to the group of severe infarction. The 20 per cent mortality among the patients wit! 
prodromal syndromes differed little from the 25 per cent mortality among the total series of 200) 
patients. In the available comparable series from other sources the fatality rate in the prodroma| 
group has in each instance been lower than in the group without premonitory symptoms. 

Apart from the foregoing series there were 14 other patients who seemed to be about to develo; 
cardiac infarction; they were patients in whom the angina was showing a different pain patter: 
and the pain was losing its relation to effort and was becoming more frequent or severe. Thes 
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vere given anticoagulant treatment by heparin and dicoumarol: the heparin was given in doses of 
25,000 units daily for the first two to three days and thereafter dicoumarol or tromexan; occasionally 
tromexan alone was employed. In seven instances cardiac infarction did not ensue and a study of 
the case histories here briefly recounted suggests that this favourable course was secured by means 
of anticoagulant treatment. 


Case 1. A man, aged 68, had effort angina for several weeks. Clinical and radiological examinations 
showed no abnormality. Cardiography showed small T in V6 and abnormally shaped T waves in leads II 
and V4. Five weeks rest in bed was unavailing, the attacks gradually increasing in frequency up to five and 
six daily. Attacks mostly lasted a few minutes and some were relieved by trinitrin; sedatives and amino- 
phylin were ineffective. Heparin and dicoumarol were started on 18/12/50 and the latter was continued 
till 8/1/51. The prothrombin time was still 32/17 on 13/1/51, and no difficulty had been met in maintaining 
it stable. On the first night after starting treatment there was only one attack; on the third day there was 
one attack: solitary bouts recurred on the fourth, seventh, and tenth days but thereafter pain did not recur 
and the patient left hospital on 15/1/51 after a stay of a month. The cardiogram had become normal on 
29/12/50 (Fig. 1). Up to 29/1/51 there had been no further pain; on 7/3/51 after being back at work for 
three weeks there had been only three slight pains in the past fourteen days: pain had recurred twice while 
climbing stairs but had subsided immediately without trinitrin. 

Case 2. A dental surgeon, aged 58 and overweight, was known to have had left bundle branch block 
for several years. On 25/9/49 while at rest he had a severe bout of pain across the upper part of the chest 
and spreading to the shoulders and arms. Cardiogram unchanged; B.P. 150/90 (as previously). Attacks 
became more frequent and severe and began to occur at night. Put to bed on 1/10/49, and 20 hours later 
had a very severe pain lasting 50 minutes. Treatment with tromexan started and continued for three 
weeks; there was no recurrence of pain and the blood pressure and cardiogram remained unaltered. He 
subsequently returned to work and was reported as making steady, slow improvement. 

Case 3. An engineer surveyor, aged 55, had infrequent angina of effort for four years until August, 
1950; during four or five weeks the pains worsened and finally recurred almost every day. B.P. averaged 
205/95. Cardiogram showed in leads I, Il and V4—V6 small upright T waves with 1-2 mm., S-T depression; 
2 mm. elevation of S-T in V2 (Fig. 2A). Confinement to bed for a fortnight brought no improvement and a 
week later he could not walk 100 yards without pain. Graph unchanged, except slight coving of S-T in I 
and in V4 deeper S—T depression with diphasic T wave; in V6 there was S-T depression and coving. The 
appearances were similar to those of a positive effort test (Fig. 2B). He was admitted to hospital on 27/10/50 
and tromexan started on the same day. Chest pain disappeared after a day or two and he remained free 
except for one night attack until treatment ceased on 19/11/50. E.S.R. normal throughout. Cardiogram 
at this time showed reversion towards normal but aVL (taken for first time) was abnormal (Fig. 2C). On 
7/12/50 he had had no return of pain though walking half a mile. Cardiogram unchanged; B.P. 175/105. 

Case 4. A clerk, aged 50, was seen on 5/9/49 when for six weeks he had been troubled with angina 
pectoris. B.P. 165/105. Cardiogram normal. He rested at home for three weeks but although he in- 
creased his activity very gradually his condition worsened so that on 22/11/49 he was unable to walk 50 
yards without pain and was getting frequent attacks at rest. Graph showed S-T elevation of 1-5 mm. in 
lead If and 1 mm. in III; T wave small in V6. He was admitted to hospital three days later and anticoagu- 
lant treatment started; the blood pressure fell to 105/75 during the first week; thereafter it rose gradually 
to 130/80 at the time of discharge on 21/12/49. Cardiogram unchanged. Slight nocturnal pains were felt 
during the first week in hospital but he was discharged free from angina. Follow up, 31/5/51: active all the 
time; only occasional pain when hurrying up inclines which subsides as soon as he stops. 

Case 5. A business woman, aged 55, had suffered from hypertension (210/115-170/100) for years. 
She had also healed pulmonary tuberculosis and subsequent bronchial asthma. On 29/10/50 she had her 
first attack of angina while walking; this recurred during succeeding two days and nocturnal attacks 
developed. B.P. 205/105. Cardiogram, slight ischemic changes; notably suppression of T wave in 
aVL (Fig. 3A). On 7/11/50 she still complained of frequent daily and nocturnal attacks, although resting 
in bed at home. New cardiogram showed S-T depressions in leads II, V3, and V5 (Fig. 3B). Admitted to 
hospital on 9/11/50 and treated from that day until 30/12/50 with heparin and later tromexan. No pain 
during the stay in hospital although up and about in the ward after the second week. Cardiogram showed 
regression of ischemic patterns but T had become inverted in aVL (Fig. 3C). Reviewed on 26/1/51 and 
27/5/51: there had been no recurrence of pain whatsoever; she was able to walk carrying her own shop- 
ping and free from symptoms. 
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9/10/50 29/12/50 Hi 


Fic. 1.—Case 1. Impending cardiac infarc- 
tion. (A) Cardiogram shows abnormally A B Cc D 


shaped T waves in leads II and V4 and 


low T waves in leads 1 and V6. (B) 18/9/50 19/10/50 3/11/50 7/12/50 

After anticoagulant treatment, reversion Fic. 2.—Case 3. Angina of effort becoming more frequent 
to normal patterns in all leads. Clinical and severe. (A) S-T depression in leads I, II, V4. 
details in text. V6, and 2 mm. elevation in V2. (B) After 2 weeks 


bed rest. Tromexan started 27/10/50; thereafter onl 
one bout of pain. (C) Reversion towards normal but 
aVL abnormal. (D) Curves unchanged; had walked 
half mile without pain. 


Case 6. A man, aged 67, had cardiac infarction in 1941; this and a complicating pulmonary infarc 
kept him in bed for six months. A transient pain had occurred fourteen days before the new seizure whic! 
started during sleep in the early hours of 8/3/50; it was agonizing and radiated from the chest to both arms 
lasting ten hours. After admission to hospital anticoagulant treatment was started with heparin for thre 
days and continued with dicoumarol for four weeks. Nocturnal pains recurred during the first week 
Blood pressure during the major attack was 140/90; it fell to 115/85 during the next few days and rose to 
140/90 in the course of four weeks. There was no fever; the E.S.R. was never raised. Cardiogran 
(9/3/50) showed the patterns characteristic of old apical infarction of the heart; a further record on 23/3/5') 
showed identical patterns. The patient made an uneventful recovery but remained liable to angina of effor: 
and rest. 

Case 7. A business man, aged 49, had a cardiac infarction in February, 1946, and a much more severe 
bout in September, 1949. Since then he had been liable to pain on slight effort or emotion. On 15/2/5 
he attended the hospital having had recurrent pains at rest for seven days. Cardiogram (Fig. 4A) showed « 
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31/10/50 7/11/50 23/11/50 


Fic. 3.—Case 5. Worsening angina of three 
days duration at time of first record. 
(A) Slight ischemic change, notably 
suppression of Tin aVL. (B) Absence 
of improvement after bed rest one week 
later: S-T depressions appearing in 
leads II and V3. (C) After three weeks 
anticoagulant treatment: no further pain 
and regression of ischemic patterns 
although T now inverted in aVL. 





humped and elevated S-T segment in V4. He was admitted two days later and anticoagulant treatment 
was started. For two days there was fever and the E.S.R. was elevated. On 20/2/51 a new graph showed 
no significant changes (Fig. 4B). Forty-eight hours after treatment was started the patient became free from 
pain and he had no further attack while in hospital. 
the T wave in leads I and aVL with splintered ventricular complexes in leads I, V5, and V6 (Fig. 4C). 
had thus sustained a slight antero-lateral extension but the development of a gross lesion seemed to have 


been prevented. 
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15/2/5i 20/2/51 8/3/51 
4.—Case 7. Two previous cardiac infarctions. 
(A) After one week of rest angina: humped 
elevation of S-T in V4. (B) After three days 
anticoagulant treatment: improvement in 
V4: no further pain. (C) After 19 days 
treatment, graph showed that a slight cardiac 
infarction had been sustained but a severe ill- 
ness and a third gross lesion seemed to have 
been averted. 


The last cardiogram on 8/3/51 showed inversion of 
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UNSUCCESSFUL ATTEMPTS TO PREVENT INFARCTION BY ANTICOAGULANT TREATMENT 


In seven instances anticoagulants were unavailing in forestalling infarction of the heart. These 
patients were mostly afflicted with severe and extensive arterial and, especially, coronary disease. 
Cardiac infarction occurred in three cases after four or five days treatment. In a fourth death 
took place four days after starting treatment. In another case, anticoagulants had to be dis- 
continued after ten days and three weeks later cardiac infarction developed. The circumstances of 
the two remaining cases were as follows. 


Case 13. A woman, aged 67, had been getting short of breath on exertion and angina of effort had super- 
vened. She was found to have a high blood pressure but the cardiogram showed only left ventricular 
stress (Fig. 5A). With rest in bed in hospital and on treatment with heparin she at first improved, the graph 
showing inversion of T waves in CR2 (Fig. 5B). However, after a week’s treatment she developed acute 
cardiac infarction from which she died twenty-four days after admission to hospital (Fig. 5C). Necropsy 
showed very extensive thinning of about two-thirds of the wall of the left ventricle, in which little muscular 
tissue remained except in the proximal part and posteriorly. The distribution of the coronary arteries was 
anomalous and the vessels showed advanced atheroma with calcification and recent thrombus formation. 

Case 14. A woman, aged 62, had been troubled for a year with angina of effort. Fora month before she 
came under observation on 4/12/50 attacks had recurred more frequently and there had been rest pain and 
nocturnal attacks. B.P. 160/105. Normalrhythm, 80a minute. Cardiogram showed slight S-T depression 
in leads I, If, and CR6. Diagnosis: mild hypertension and myocardial ischemia. Intramuscular heparin 
was started on 6/12/50 and on the whole the anginal pains became less. On re-examination on 16/12/50 
the blood pressure had fallen to 120/75; accentuation of the pulmonary second sound and some rales at the 
bases pointed to left ventricular failure. The graph now showed characteristic patterns of antero-lateral 
cardiac infarction of slight degree. On 21/12/50 the white cells numbered 11,000, of which 80 per cent were 
polymorphs. E.S.R.8 mm. The patient made an uneventful recovery. 
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Fic. 5.—Case 13. Hypertension and angina of effort. (A) Graph showing only left ventricular stress. (B) Clinical 
improvement followed rest and heparin but pattern of myocardial ischemia inCR2. (C) Despite treatment fatal 
acute cardiac infarction developed. Necropsy showed long-standing and extensive ischemic damage in contrast 
to relatively normal initial cardiogram (A). 
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DISCUSSION 


Irrespective of the existence or otherwise of a previous anginal history, a patient who has steadily 
worsening cardiac pain is likely to develop infarction of the heart. It has been shown that in 15 per 
cent or more of cardiac infarctions of all grades a premonitory syndrome led up to the acute occlu- 
sion. It has been customary, long before the introduction of anticoagulants, to treat worsening 
angina by rest in bed but only too often this has failed to avert myocardial infarction. In our 
Cases 1, 4, and 5 the failure of rest to check the increasing pain of a waning coronary supply was an 
outstanding feature. Moreover, appeal to clinical experience suggests that a minority of patients 
with typical prodromal pain do not develop cardiac infarction, a course of events exemplified in 
Cases 15 and 16. In Case 15, a man who had been afflicted with angina for fifteen years had several 
phases of exacerbation in which the occurrence of increasing pain and nocturnal attacks seemed to 
herald an acute occlusion but only on one occasion (three years ago) was this expectation borne out 
by slight posterior infarction; this incidentally served to prove the cardiac origin of the pain. In 
another example (Case 16), a business man began to have angina of effort at the age of 48; during 
the 17 years that have elapsed there have been periods of a week or two when pains had become 
more severe, half a dozen or more times in the day and losing their relation to effort and even 
waking the patient from sleep. He has never consented to rest more than briefly for these troubles 
but on at least four occasions cardiac infarction was expected but did not happen; he did have one 
posterior infarction, not of severe degree, ten years ago. Ina third instance (Case 9) a man, aged 68, 
who was gradually losing his sight, developed worsening angina. After rest in bed and sedatives 
(but no anticoagulant treatment) the general condition improved and the pain lessened. Cardio- 
graphy showed S-T depressions in leads II, and V4—V6 with slurring of QRS in V3, V7, and V1, 
Suggesting nothing more than a sub-endocardial ischemia; no evidence of infarction ever appeared 
and a good recovery was made. The eye condition, however, caused such depression that the 
patient hanged himself. The coroner’s post-mortem revealed serious coarse scarring of the myo- 
cardium due to coronary occlusion by lightly calcified atheroma; there was no fresh disease. 
These findings endorsed the clinical impression that the prodromal syndrome had not culminated 
in infarction. 


DIAGNOSIS AND TREATMENT OF IMPENDING CARDIAC INFARCTION 

The diagnosis of impending coronary occlusion is more clinical than instrumental; in fact, the 
cardiogram shows only slight changes similar to those found in a positive effort test. Thus it cannot 
be predicted from the record if infarction is, going to take place or not. In fact, when cardiographic 
changes appear, infarction may already have taken place (as in Case 3) but even then treatment may 
avert the extension of it. A normal cardiogram is compatible with extensive coronary changes, as 
shown in Case 13, and this may well explain the failure in such a case of any treatment to prevent 
cardiac infarction. 

Now that in one out of five or six cases of cardiac infarction there is a recognizable warning, an 
opportunity is provided for preventive treatment. It has been seen that rest, sedatives, and vaso- 
dilators have failed to ward off the myocardial damage that generally follows. The indications, 
then, for the use of any medicament that will hinder clotting are plain to see, and this situation consti- 
tutes the reasonable basis for the prophylactic use of heparin and dicoumarol. The histories of 
Cases 1-7 lend support to this method of treatment as in these patients by all usual standards and on 
the basis of clinical experience, the culmination in acute coronary occlusion was more than likely. 
Yet in none of them was there evidence of more than localized subendocardial ischemia. 

The principal argument against the use of anticoagulants in any circumstances is the risk of 
| hemorrhage in a dangerous situation. Such a risk is slight if proper methods and precautions are 
used; it is obviously to be accepted wherever there is reasonable expectation of warding off a likely 
serious or even fatal development. Thus this risk is taken when anticoagulants are used to ward off 
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post-operative thrombosis and embolism and to forestall mural venous thrombosis in severe cardiac 
infarction. The justification for their use in trying to prevent cardiac infarction is not less; perhaps 
it is greater since it cannot be argued in these circumstances that the disturbance occasioned by 
injections and the taking of blood samples in a seriously ill patient offsets any hypothetical gain. 


SUMMARY 


Reference is made to the prodromal syndrome of cardiac infarction in which anginal pain alters 
its pattern and worsens. The recognition of the strong likelihood that cardiac infarction will 
follow such premonitory pain offers a prospect of preventive treatment by anticoagulants. 

An account is given of fourteen patients presenting this prodromal syndrome who were treated 
by heparin and dicoumarol. In seven instances such treatment coincided with progressive improve- 
ment; in six no infarction developed and in the seventh the ensuing infarct was slight although 
previous infarctions had been severe. From the first few days of treatment there seemed to be a 
turning point, progressively worsening pain that had resisted rest and other medicaments giving 
way to diminution and final disappearance of pain. In the other seven patients, cardiac infarction 
developed in spite of treatment. Three of this group died and necropsy in two of them showed 
extremely advanced coronary sclerosis and ischemia involving a large part of the myocardium. In 
one of these patients an electrocardiogram before infarction showed only minimal abnormalities 
representing subendocardial ischemia in spite of the existence of widespread coronary arterial 
narrowing. This may explain the failure of preventive treatment in some patients who have normal 
or almost normal electrocardiograms. 


We are indebted to Miss Anne Snaith, Cardiographic Technician to the Hospital, for some of the electrocardio- 
grams and for the mounting. 
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(ESOPHAGEAL AND OTHER LEADS IN POSTERIOR 
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In a patient complaining of cardiac pain, the presence of a negative initial ventricular deflection 
(Q or QS) along with a negative T wave in standard lead III, arouses suspicions of the presence 
of an ischemic lesion at the back of the left ventricle. Difficulty may arise since a heart lying trans- 
versely may produce a similar curve. The diagnosis of an infarct may be supported by a Q 
wave and negative T wave in lead II (Bayley, 1939), but these confirmatory changes are not 
always seen (Nyboer, 1941). 

The object of this investigation was to see if any help could be obtained from a lead in the 
cesophagus at the level of the ventricles (EV) in assessing the importance of QS and negative T in 
lead III. As the negative potential of the unipolar lead from the left foot (VF) largely determines 
the negative features seen in II and III, this lead (VF) was also considered. Further, we have tried 
to estimate the value of the deep epigastric (DE) lead and a back-foot (BF) lead described by Lian 
et al. (1945) in this problem. It should be noted that ventricular potentials are really recorded only 
from the stomach, according to Deglaude and Laubry (1949), but the letters EV are retained 
for an cesophageal lead; although gastro-cesophageal would be more correct. 


METHOD AND TECHNIQUE 


Detailed anatomical relationships of the cesophagus are given in the papers of Brown (1936) and Deglaude 
and Laubry (1939), and until recently it has been assumed that the lower end of the cesophagus is posterior 
to the left ventricle; but Kistin et al. (1950) have produced convincing electrocardiographic evidence that 
it may occasionally lie over the right ventricle. 

Our technique was as follows. The electrode was smooth and olive shaped, half an inch in length and 
one-quarter of an inch at its greatest diameter, and was composed of pure tin which Deglaude and Laubry 
(1939) consider to be the least polarizable metal available. The tin was moulded around one end of a 
three-foot length of stranded copper wire, thus minimizing the risk of fracture at the junction of lead and 
electrode. The lead was rendered semi-rigid by passing the wire through close fitting rubber tubing, one- 
sixth of an inch in external diameter. The lower end of the tubing fitted over the narrow neck of the 
electrode to give a smooth contour. One-centimetre intervals were marked on the rubber tubing by means 
of silver nitrate, beginning at 20 cm. from the electrode and ending at the 60-cm. mark. Silver nitrate 
was chosen to withstand repeated boiling during sterilization of the lead. In most cases it was found helpful 
to use a local anesthetic, any dentures being first removed. The fauces, soft palate and posterior pharyngeal 
\.all were sprayed with a solution of 2 per cent amethocaine containing one part in four of 1 : 1000 adrenaline. 
I view of the slight risk of sensitivity reaction no patient received more than one ml. of the amethocaine 
solution, and pentothal and coramine were kept at hand during the procedure, although in fact they were 
rever required. The electrode, lubricated with liquid paraffin, was then placed on the back of the tongue. 
|" the patient was able to relax the pharynx the operator could guide the lead swiftly downwards with 
minimal discomfort. However, the majority of patients were unable to achieve the necessary relaxation, 

nd the lead had to be passed more slowly aided by active swallowing movements. Any attempt on the 
art of the operator to pass the lead in the absence of complete pharyngeal relaxation resulted in coiling 
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of the tube within the pharynx with the production of a severe bout of coughing. It was in this group of 
patients that considerable discomfort arose owing to prolonged stimulation of the cough and vomiting 
reflexes. Nausea and retching could often be overcome by deep inspiration. Brown (1936) pointed 
out that at about 30 cm. from the incisors the cesophagus lies close to the bifurcation of the trachea and 
delay in passing the electrode at this level provokes coughing. When coughing occurred it was important 
to check the level of the electrode before taking further records as there might be much displacement. 

In the course of recording 150 gastro-cesophageal cardiograms 
we failed to pass the lead on thirteen occasions, but in over 80 
per cent of the successful ones the procedure entailed appreciable 
discomfort such as retching, coughing or failure to swallow the 
lead at the first attempt. It was not without good reason that 
Cremer (1906) employed a professional sword swallower in his 
early experiments with this method of investigation. In spite of 
the discomfort that is often caused none of our patients was 
any the worse, although Katz (1950) has expressed fears to the 
contrary. 

Most authorities now agree that fluoroscopic control of the 
position of the electrode is essential, and our experience amply 
confirms this view. The right anterior oblique position was 
selected since a hypertrophied left ventricle might obscure the 
view of the electrode in the left anterior oblique position. It was 
impossible to relate the position of the electrode to particular 
parts of the individual cardiac chamber with any degree of 
accuracy; we, therefore, noted the depth to which the electrode 
had to be passed so that its tip should rest at the level of the lower 
cupola of the diaphragm during halted expiration. All record- 
ings from below that arbitrary, but easily determined, level were 
taken to be of ventricular origin. The electrode was then passed 
down into the stomach, and six unipolar recordings were made as 
it was withdrawn. Three of the records were taken from below 
the level of the lower cupola, one at that level, and two above it. 
The recordings were made from sites 2 cm. apart, in halted expiration, and the patient was requested not 
to swallow to avoid interference from respiratory and cesophageal movements. We did not find it was 
necessary or practica! to keep the patient in the sitting position for both screening and cardiography examina- 
tions as suggested by Deglaude and Laubry (1949) for there was never any indication that the electrode 
changed position. 

On several occasions on placing the patient behind the X-ray screen it was found that the distal portion 
of the lead was bent back upon itself, the electrode thus lying at a much higher level than the tube 
markings at the teeth indicated (Fig. 1). In the absence of fluoroscopic control this fault might pass un- 
detected with consequent misinterpretation of the records. In several cases in which this kinking of the 
lead occurred it was corrected without withdrawing the lead by passing the looped portion down into the 
stomach where it then uncurled. 

Before leaving, the patient should be warned not to take any food or drink for a period of two hours 
since the oral anesthesia may persist for that time. One of our control cases developed a painful palatal 
burn as a result of failure to observe this precaution. 





Fic. 1.—A lead curled up in the cesophagus. 


SELECTION OF CASES AND LEADS RECORDED 


We investigated 150 cases, but 24 of these were rejected, some of the early gastro-cesophagea! 
tracings being technically unsatisfactory and the records in others being incomplete. The series 
analysed therefore consisted of 126 cases. In each a full history was taken, including details o! 
recent administration of digitalis, and the subject was examined clinically, fluoroscopically and 
cardiographically. From each subject twenty leads were recorded, namely the six cesophagea! 
tracings described above, the three standard leads, the three augmented unipolar limb leads, the 
six unipolar chest leads, a deep epigastric lead (DE) and a back foot-lead (BF). In recording the 
deep epigastric lead, the unipolar exploring electrode was pressed deep into the epigastrium, one 
inch to the left of the midline during halted expiration, and was directed as far as possible towarc 
the inferior surface of the heart. Lead BF is bipolar, the exploring electrode being placed midway 
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between the vertebral border of the left scapula and the spine, and the breadth of two fingers above 
the inferior angle of the scapula; the indifferent electrode is connected to the left leg. 

Our first object was to determine the form and variations of the normal gastro-cesophageal 
cardiograms as recorded by our technique, and for this purpose we examined 28 cases, all without 
iny history of cardiovascular disease and normal on clinical, fluoroscopic and cardiographic 
examination. The average age was 34, the youngest was 21, and the oldest 60 years old. 

We next examined 27 cases in whom posterior cardiac infarction had occurred. Diagnosis 
was based on the clinical picture and on the cardiograms taken shortly after infarction which 
showed a QIII TIII curve, QII being present and TII either inverted or flat. In each case lead VF 
contributed to these appearances. The possibility of pulmonary embolism simulating posterior 
infarction in leads II and III was rendered unlikely by the presence of a pathological Q wave in VF 
(Goldberger, 1949). The majority of our records were made several months after infarction had 
occurred, but in one case only two days had elapsed, the longest interval being three and a half 
years. Only one case in this group was receiving digitalis and obvious RS-T segment change was 
present. Since the investigation began two patients have died and in both the diagnosis of posterior 
infarction was confirmed at autopsy. 

The remainder of the series was divided into three groups (Table 1): namely 42 patients in whom 
an equivocal standard lead III was associated with a history of cardiac pain; 19 in whom equivocal 
changes in lead III were unaccompanied by cardiac pain, although generally some cardiac ab- 
normality was present, usually hypertension; and finally, 10 patients in whom there was considerable 
left ventricular enlargement but no history of cardiac pain. 


RESULTS 


Owing to lack of space, it is not possible to reproduce full details of our protocols, but an 
analysis is shown in Table I. Before considering our results, we must describe briefly the variation 
in form of the normal gastro-cesophageal cardiogram at different levels. We would also draw 
attention to the various artefacts encountered. 

The usual form of the normal gastro-cesophageal cardiogram at different levels is now well known 
(Fig. 2), but the range of the normal, particularly at ventricular levels, remains to be decided. 
When the electrode is above the auricles a tiny R wave precedes a predominantly negative QRS com- 
plex and the T wave is inverted (Fig. 2A). Such an appearance indicates that the electrode is receiving 
potentials from the cavity of the right ventricle. At the auricular level (Fig. 2B) the P wave is 
characterized by a sharp intrinsic deflection. Normally this is only recorded at auricular levels, and 
no curve showing such an appearance may safely be interpreted as being of ventricular origin. The 
biphasic QRS complex and the deeply inverted T wave represent mixed potentials derived from the 
cavity and epicardium of the left ventricle. Below the auricular, but above the ventricular level, is a 
region usually referred to as the transitional zone: it is important because a record taken from this 
region may be wrongly assumed to be of ventricular origin and then disease will be diagnosed when 
none is present. The intrinsic deflection of the P wave is no longer distinct, but the form of the QRS 
and T wave still resembles that of the auricular level although inversion of the T wave is less deep and 
the height of R increases in proportion to the depth of Q (Fig. 2C). At ventricular level (Fig. 2D) the 
P wave intrinsic deflection is lost, a tiny Q wave precedes a tall R wave, and the T wave is almost 
always upright. As Burchell (1948) pointed out, the close similarity between the normal ventricular 
complexes at atrial levels and ventricular complexes characteristic of posterior infarction at infra- 
atrial levels may make interpretation difficult. This may explain why Kistin et al. (1950) in a recent 
study of 50 normal subjects found that 11 had diphasic T waves and one had a frankly negative 
| wave. Q and QR deflections seemingly characteristic of atrial levels may sometimes persist 
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FiG. 2.—The normal gastro-cesophageal cardiogram. 


(A) Supra-auricular level. (B) Auricular level. 
(C) Transitional zone. (D) Ventricular level. It 
will be seen how a record taken at the transitional 
zone could be mistaken for one representing pos- 
terior infarction if the exact position of the electrode 
were not verified at fluoroscopy. See text for de- 
tailed description. 


below the region where the P wave no longer shows an intrinsic deflection. 
extent of the transitional zone requires further study. 
(1950), high posterior infarcts are near this transitional zone in which a ventricular Q and negative 
Deglaude and Laubry (1949) are of the opinion that the Q wave in normal 
istric tracings does not exceed 3 mm. in depth or 0-03 sec. in duration, and that in pathological 
irves the minimum depth of Q is 4 mm. and the duration at least 0-04 sec., but we have found 
‘ceptions to this statement in both normal and abnormal patients. 


are normal findings. 


LEADS IN POSTERIOR CARDIAC INFARCTION 





Fic. 3.—Artefacts in gastro-cesophageal records. (A) 


Gross displacement of the base-line syncronous with 
the heart beat. (B) An appearance simulating RS-T 
segment elevation recorded from ventricular level in 
a normal subject. (C) Base-line oscillation resemb- 
ling auricular flutter or fibrillation in a normal 
subject. 


It is evident that the 
Unfortunately, as pointed out by Bain 


From these remarks it follows that particular care should be exercised in interpreting curves 


Artefacts in gastro-wsophageal leads. 


eat as to make interpretation of the curves impossible. 
e T wave were distorted more often than the QRS complex. 
troduced a condenser-resistance filter between the electrode and the amplifier input which reduces 
w frequency gastric, cesophageal, and diaphragmatic potentials without interfering with the detail 
ind timing of the record. The sudden swing of the fibre, thought to be associated with the polariza- 


aken from the upper ventricular levels: the variability of the cesophageal electrocardiogram is 
ich that no firm diagnosis of high posterior infarction should be made from these records alone. 
Artefacts have been a source of difficulty and may be so 


In our records the RS-T segment and 
Recently Scherlis et al. (1950) have 


on effect of regurgitated gastric hydrochloric acid (Brown, 1936), was not encountered with our 


Provided recordings were made in halted expiration, phasic deviation of the base line 
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did not occur. However, many of our curves were marred by an oscillation of varying amplitude 
occurring synchronously with the heart beat, which as far as we know has not been mentioned 
elsewhere. This displacement of the fibre (Fig. 3A) usually occurs within 4 cm. of the diaphragm 
level and was equally common above and below it. Mechanical displacement of the electrode by 
the contracting ventricle seemed a possible explanation, but against this was the fact that it occurred 
in only 10 per cent of the cases with a hypertrophied left ventricle as opposed to 57 per cent. of the 
normal controls. Bizarre modification of the T wave was a common feature in the series with 
ventricular hypertrophy. An appearance that simulates elevation of the RS-T segment may be 
recorded at ventricular levels in normal subjects (Fig. 3B), and occasionally oscillation of the base- 
line may superficially resemble auricular flutter or fibrillation (Fig. 3C). 


THE GASTRO-CESOPHAGEAL CARDIOGRAM AT VENTRICULAR LEVELS 


(a) Normal cases (28). In all records the depth of Q was taken as the distance from the lower 
border of the base-line to the nadir, and the width was measured at the upper border of the base-line. 
Amplitudes were estimated to the nearest 0-5 mm. and corrected for standardization, and time 
intervals were estimated to the nearest 0-01 sec. The average of all the complexes on the standard 
Cambridge film, usually six or seven, was estimated. Although in one case the Q wave reached a 
depth of 4 mm., the average was only 2 mm., and in 11 cases Q was entirely absent. In no case 
did the depth of Q exceed one-quarter of the height of the succeeding R wave, and the Q wave was 
always less than 0-04 sec. in duration. In 27 of the 28 cases there was no deviation of the RS-T 
segment, but in one it was depressed 2 mm. 

The T wave was seen to be upright in all cases, except in four obscured by artefacts. The QRS 
complex showed a QR pattern in all but two cases in which there was an RS curve, and these were 
the only two in which the cardiac position was electrically horizontal. The level of the diaphragm 
recorded on screening varied between 38 and 51 cm. from the incisor teeth, the average being 45 cm. 
The ventricular levels ranged from 42 to 54cm. The actual average ventricular level was really 
slightly higher than this, because in selecting the tracings for analysis, owing to artefacts, it was 
sometimes necessary to disregard the tracing below the last one showing an auricular intrinsic 
deflection in favour of one from a still lower level. The average diaphragmatic level in this series 
is appreciably lower than the level of 40 cm. given in most anatomical descriptions, averaging 
45-5 cm. in the hearts that were electrically vertical, and 45 cm. in the horizontal hearts. 

(b) Posterior infarction cases (27). The Q wave was present in all 27 cases, the average depth 
being 7 mm._ It was 0-04 sec. or more in duration in 18, and the depth was one-quarter or more of 
the height of the succeeding R wave in 23 cases. However, in 4 cases the Q wave was less than 3 mm. 
in depth and in two of these was also less than one-quarter of the R wave and less than 0-04 sec. in 
duration. The T wave was inverted in 23 of the 27 cases and isoelectric or diphasic in the remainder. 
Although the criteria for the differentiation of normal from abnormal Q waves vary (vide infra), 
the Q waves in two of our cases could not be regarded as in any way abnormal, yet in one of them 
necropsy revealed an extensive healed subendocardial infarct 3 cm. in width and involving the whole 
length of the posterior wall of the left ventricle from apex to base: Q in this particular case was 
hardly discernible (Fig. 4). Burchell (1948) is of the opinion that the cesophageal leads at ventricular 
levels may sometimes be normal even when the heart is known to contain a scar in the posterior 
wall of the left ventricle. On the other hand, in another case that at necropsy had a very larze 
patch of old fibrosis occupying the posterior wall of the heart and undergoing some aneurysmal 
dilatation, the lower cesophageal leads (EV 42 and EV 44) strongly suggested that the infarct 
was transmural, but neither lead VF nor BF were as informative (Fig. 5). 

In cases of posterior infarction, lead VF is closely similar to lead EV (Table I). Every case 
showed a Q wave in both these leads and in 18 of them the Q wave was 0-04 sec. or more in duration. 
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Fic. 4.—Cardiogram recorded eleven months be- 


fore death in a man, aged 51 years. There 
are no abnormal Q waves in the gastro- 
cesophageal curves from ventricular levels 
in spite of the presence of an extensive 
healed sub-endocardial infarct involving the 
whole length of the posterior wall of the left 
ventricle. 
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Fic. 5.—Cardiogram recorded six months before 


death in a woman, aged 57. The cesophageal 
cardiogram at 42 and 44 centimetres from 
the incisor teeth is diagnostic of transmural 
infarction which was confirmed at necropsy. 
Leads VF and BF are not so informative. 
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Lead VF in 24 cases showed the depth of Q to be one-quarter or more of the height of the succeeding 
R wave, as compared with 23 cases in lead EV. 

(c) and (d) Cases with an equivocal lead III with cardiac pain (42) and without cardiac pain (19). 
It was hoped that in these two groups, each with an equivocal lead III, help would be derived from 
the cesophageal lead. It was, in fact, the main object of the investigation. However, of the 42 
cases, only 9 were considered to show posterior infarction as judged by the presence of a Q wave 
0-04 sec. or more in duration in cesophageal leads. Taking the same criterion for lead VF, 14 
such cases were diagnosed. If the width of Q was ignored, and the presence of infarction based 
on its depth only, namely one-quarter or more of the height of the succeeding R wave, then the 
number of posterior infarcts revealed by cesophageal leads rose to 11; compared with 18 diagnosed 
by lead VF. It would thus appear that in any patient with chest pain and an equivocal lead II], 
lead VF is rather more likely to confirm or refute the presence of posterior infarction than is any 
cesophageal lead at ventricular levels. 

Of the 19 subjects with no suspicion of cardiac pain yet with lead III suggestive of infarction, the 
cesophageal lead apparently confirmed the presence of posterior infarction in four, but in only 
three of these was a posterior infarct suggested by lead VF. - 

Thus, no real help was obtained from study of the cesophageal leads in those very cases in 
which such leads might have been most helpful, namely, those in which the interpretation of lead 
II] was in doubt. Lead VF in fact proved somewhat superior both in confirming and disproving 
the presence of posterior infarction. 


(e) Cases with left ventricular hypertrophy (10). Nyboer (1941) reported that the presence of 


left ventricular hypertrophy may modify the QRS complex in the cesophageal lead and cause 7 
inversion. Gastro-cesophageal leads were therefore taken in 10 cases showing much left ventricular 
hypertrophy and giving no history of cardiac pain. Q waves were present in three, but the maximum 
depth was 3 mm., and in none did the duration reach 0-04 sec. nor the depth one-quarter of the height 
of the succeeding R wave. The T wave was inverted in four, and incorporated in the RS-T segment 
in a further three. Bizarre artefacts were a common feature of the cesophageal tracings in this 
group. 

We concluded that although inversion of the T wave may occur and artefacts may render 
interpretation difficult, the appearances are not likely to be mistaken for those of infarction, since 
no abnormal Q waves are produced by left ventricular hypertrophy. 

Back-Foot lead( BF). In 8 of the 28 normal subjects, a Q wave was present in lead BF but the 
maximum depth was only | mm., and in no case did the depth exceed one-quarter of the succeeding 
R wave, nor the duration 0-04 sec. The T wave was isoelectric in two cases, but never inverted, 
and there was positive deviation of the RS-T segment in 11 cases. 

Of the 27 examples of posterior infarction, a Q wave was present in 22, the average depth 
being 3 mm. In 18 of these it was 0-04 sec. or more in duration, and in 20 the depth was one- 
quarter or more of the height of the succeeding R wave. The T wave was inverted in 19 of the 
27 cases. It was isoelectric or diphasic in the remainder, except for two cases in which it was 
positive. 

Lian et al. (1945) conclude that apart from cardiac infarction, the T wave in lead BF is only 
exceptionally inverted. It was negative in 47 per cent of their series with posterior infarction. 
Tourniaire et al. (1948) found it to be inverted in three-quarters of cases of cardiac pain with TIIlI 
type curves, but stated that inversion in this lead could also occur as a result of positional change, 
particularly in the presence of right axis deviation, a fact that detracts from its diagnostic value in 
posterior infarction. As previously stated, it was not inverted in our normal controls, and our 
figure of 70 per cent inversion in the posterior infarct series is in agreement with that given by 
Tourniaire ef al. in their investigation of both normal cases and those with posterior infarction. 
Using a similar lead, Wood et al. (1933) came to the conclusion that its variations were similar 10 
those of lead III. Table I shows a close correspondence between the findings in leads VF and BF 
in both the normal and posterior infarction cases. We therefore conclude that lead BF contributes 
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ao information that cannot be obtained from the more common leads III and VF and it has the 
disadvantage of requiring the application of an interscapular electrode to an ill patient. 

Deep Epigastric lead (DE). We hoped that by pressing the exploring electrode deep into the 
epigastrium it could be brought to face the inferior surface of the heart. In practice, owing to 
obesity or lack of muscular relaxation this was usually impossible. Wolferth ef al. (1943) and 
Helm et al. (1944) as a result of detailed cardiographic exploration of the body surface, agree that 
the precordial pattern and not the diaphragmatic pattern of potential is distributed to the upper 
abdomen above the umbilicus. Our deep epigastric recordings, although variable, were mainly 
of this precordial type. It would thus appear to be a valueless lead in the diagnosis of posterior 
cardiac infarction. 


DISCUSSION 

When lead III shows a Q wave with an inverted T wave it is necessary to determine whether 
this is due to posterior infarction or merely to a transverse position of the heart. The appearance 
of lead III in both cases can be identical. As is well known, further support can be obtained from 
lead II, but if this lead is within normal limits, and it may be so in posterior infarction (Nyboer, 
1941), then appeal must be made to other leads. Several other leads have been recommended and 
from them we have investigated the following, namely, VF, BF (back-foot), deep epigastric, and 
gastro-cesophageal leads. 

The use of the esophageal lead need not be seriously unpleasant; we failed in 13 of 150 cases. 
[he importance of ascertaining the position of the electrode in the esophagus or stomach by fluoro- 
scopy is stressed. Unfortunately this necessitates the attendance of a doctor and the patient must 
be well enough to stand. 

The varied opinions as to the diagnosis of posterior infarction in standard and unipolar leads 
is the reason for this investigation of other leads. As regards lead III, the larger the Q wave in 
relation to the R wave the more likely is it to be due to disease. The significant proportion of the 
Q wave to the R wave has varied, usually from one-quarter to one-half. Pardee (1930) considered 
that if the Q wave in lead III was one-quarter of the maximum excursion of the QRS complex, in 
whichever lead that occurred, there would be little danger of applying the term abnormal to a Q 
wave that was really normal. He was the first to state that it would seem that the larger the Q wave 
in relation to the voltage of QRS, the closer the association of coronary narrowing would be. 
Durant (1934) stated that a Q wave of more than one-half of the height of R was almost always 
abnormal. In the same year Lian (1934) stated that, although it was rare, the condition where 
the depth of Q is equal to the height of the succeeding R wave is diagnostic of infarction. By 1938 
Chavez and Mendez were willing to accept a Q wave of one-third of the highest R wave. 

The presence of a Q-wave in lead II is of additional significance (Wallace, 1934; and Bayley, 
1939). The difficulty has always been in distinguishing the Q and negative T of the transverse 
heart. We thought at one time with Lyle (1944) that the disappearance of Q on full inspiration was 
proof that it was merely due to the position of the heart, but we have met with exceptions; the Q of 
in‘arction can disappear on full inspiration. 

With regard to lead VF the same criteria have been applied. Myers and Oren (1945) think 
Q must exceed a quarter and Goldberger (1945) requires it to exceed a half of R, and its duration 
to be 0-04 sec. or more. 

Similar criteria have been applied to the gastro-cesophageal leads. ‘Myers and Oren (1945) 
State that the Q wave is abnormal if it equals or exceeds 0-4 mm., or one-quarter of the R wave in 
the same lead, and Nyboer (1946) accepts similar findings, except that he says that the Q wave 
should not equal or exceed one-fifth of the R wave. 

For our purposes we have held the view that duration and size must both be taken into account; 
duration must equal or exceed 0-04 sec., as measured from the top of the base line; and the depth 
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must exceed one-quarter of R measured from the bottom of the base line to its nadir; the T wave 
must in addition be sharply inverted. When we compared the standard leads of the 27 infarction 
cases with the gastro-cesophageal records, we found that by the above criteria 24 standards were 
pathological as against 23. In the group of 42 cases with classical cardiac pain and dubious 
standard leads, VF revealed posterior infarction in 18, but the ceesophageal leads showed it in only 
11 of these. In 19 cases without pain, but with a doubtful lead III, VF showed three infarcts and 
the cesophageal leads four. There was no suggestion of infarction in the ten cases of hypertrophy 
of the left ventricle either in VF or cesophageal leads. 


SUMMARY 


From our investigation of standard leads II and III, lead VF, lead BF, the deep epigastric lead, 
and gastro-cesophageal leads at six levels, we conclude that the lead most likely to confirm or disprove 
the presence of a posterior infarct, when the standard leads II and III are equivocal, is lead VF. 
This is slightly superior to the gastro-cesophageal leads for this purpose, although gastro-cesophagea| 
leads are the next most likely to be of value when doubt exists. The back-foot lead (BF) is less 
satisfactory than cesophageal leads. The deep epigastric lead is valueless. 

In view of the slight superiority of lead VF over gastro-cesophageal leads, and the disadvantages 
of the latter, such as the unpleasantness to the patient, the necessity for direct fluoroscopic control, 
the frequent occurrence of artefacts, the close resemblance between normal transitional zone records 
and pathological ventricular level tracings, and the fact that the electrode may at times be in juxta- 
position to the right ventricle instead of the left, there would appear to be no case for the employment 
of cesophageal leads in the diagnosis of posterior cardiac infarction. 
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Although electrocardiograms were taken from the cesophagus as long ago as 1906 (by Cremer) 
it was Brown (1936) who first showed the possibilities of the method and made the lead of clinical 
significance. The cesophagus is in close relation to the left auricle for about 5 cm. below the level 
of the fifth dorsal vertebra; lower down it is in relationship to the right auricle and the dia- 
phragmatic surface of the ventricles. Thus the esophageal electrocardiogram can be divided into 
three sectors. The supra-auricular complexes resemble those in lead VR with negative P waves. 
At the auricular level P waves are replaced by intrinsicoid deflections which are usually much greater 
in amplitude than are found in any other lead. At the ventricular level P is positive and the ventri- 
cular complexes are like those in lead VF. Between the auricular and ventricular levels there is a 
transitional zone of varying depth, in which the P waves are becoming peaked, Q waves appear, and 
T may be negative. 

Method. An electrode was constructed from a Ryle’s duodenal tube, as described by Butter- 
worth and Poindexter (1946), with a tip of German silver substituted for the rubber end. Wires 
running up the bore of the tube connected the German silver electrode to a terminal at the proximal 
end of the tube. To this was attached the left-arm terminal from the galvanometer, the indifferent 
electrode being the V central terminal of Wilson. 

The tube was either swallowed or passed through the nose; most patients have found it easier 
to swallow it. In the earlier cases the tube was passed down to about 46 cm. from the teeth. 
Later 56 cm. was found to be more satisfactory since at this level the tip will have reached the 
stomach in patients of every build. Records were taken at 2-cm. intervals as the tube was with- 
drawn until a level of about 26 cm. was reached. No attempt was made to check the position of 
the electrode by means of fluoroscopy. The cesophageal electrocardiogram can be calibrated by 
means of the auricular intrinsic deflections, which are always to be seen at some level except in cases 
of auricular fibrillation. With that exception, unless they are found in some of the strips, it can 
be assumed that the tube has coiled in the throat. All the strips will then be similar and 
will resemble lead VR. The correct passage of the electrode can therefore be judged by a scrutiny 
of the curves, and the record can thus be taken by a cardiographer. 

Swallowing a metal end-piece is not easy for orthopneic patients and several were unable to do 

0. In two instances it was found that the tube had coiled in the throat. 

Seventy records were obtained on 65 patients. At the outset patients with healed or doubtful 
posterior infarcts were examined, and those with different types of auricular arrhythmias. Patients 
with bundle branch block were later included in order to see which ventricle was mainly responsible 
for the deflections on the diaphragmatic surface of the heart. 


THE NORMAL CESOPHAGEAL CURVE 


Auricular Deflections. At the lowest levels P is upright. As the tube is withdrawn it becomes 
more peaked and narrow until the sharp auricular R appears, the descending limb of which is the 
intrinsic deflection (Fig. 1). The level at which the change occurs varies considerably with patients 
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of different builds and with different positions of the heart (Oblath and Karpman, 1951). The 
lowest level at which an intrinsic deflection was observed was 52 cm. from the mouth; the highest 
was 32 cm. The auricular R may be notched. At upper auricular levels the descending limb is 
prolonged into an S wave and R disappears. Leads taken from the right auricular cavity have 
shown that negative deflections occur at the upper auricular levels, when the electrode is near the 
sinus node, and diphasic deflections at the mid-auricular zone (Schlesinger et a/., 1949). The longest 
stretch over which intrinsic deflections were obtained in any patient was 22cm. In some cases they 
only appeared at one level. The size of the deflection varied greatly but in half of the records it 
was 6 mm. or more at the most favourable level. The tallest auricular R recorded was 10 mm., 
the deepest S was 13 mm., giving a total of 23 mm. for the intrinsic deflection. This compares 
with 10 and 10 mm. found by Oblath and Karpman (1951), and 25 mm. for the total intrinsic 
deflection noted by Enselberg (1951). The auricular QRS has a duration of about 0:06 sec. The 
auricular T wave is seen best in cases of complete heart block since, when the rhythm is normal, it 
coincides with the ventricular deflections. It is a broad shallow deflection which is opposite in 
sign to the major initial deflection (Fig. 2). 
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Fic. 1.—Normal esophageal curve. Auricular intrinsicoid deflection, predominantly negative at 29 cm., becomes 
positive at 33cm. P waves are peaked at 39cm. and normal at 41 cm. An auricular premature systole at 31 cm. 
Ventricular complexes have a deep Q, small R, and negative T (left ventricular cavity potentials) at 33 cm. Q 
disappears at 41 cm. when P becomes normal. RS-T junction is depressed at 45 cm. 
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Fic. 2.—Complete heart block showing auricular deflections. The auricular T wave is seen as a blunt upward deflec- 
tion at 28 cm. when the intrinsicoid deflection is mainly negative, and as a broad shallow deflection at 34 cm. 
when it is positive. The auricular Q-T interval is 0-36 sec. 


The normal ventricular deflection at the lowest levels consists of an R which may be preceded by 
a small Q (Sandberg ef al., 1950). A shallow S frequently follows, but, apart from left bundle 
branch block, a deep S occurred only in five horizontal hearts. In this position the cesophagus 
faces the right ventricle (Myers and Klein, 1948). T is upright but there may be depression in health 
of the S-T junction (Fig. | and 4). As the P wave becomes peaked, the ventricular Q deepens or 
appears for the first time. In 4 cases the ventricular Q preceded the P wave changes by 4 cm. 
and in 7 more by 2 cm. but usually they were simultaneous. At the same time the T wave flattens 
and then becomes negative. At the auricular levels the ventricular deflections consist of a large 
Q and a small R with a negative T and they represent the potentials of the cavity of the left ventricle, 
since the cesophagus is in close relation to the left auricle at this point (Sandberg et al., 1950b). 
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At supra-auricular levels the ventricular deflections, while retaining in general this form, diminish 
in size, and come to resemble those of lead VR. 


THE CESOPHAGEAL LEAD IN ARRHYTHMIAS 


Heart Block. \n some cases of complete heart block the P waves are small and cannot easily 
be made out. In such cases the cesophageal lead enables the independent auricular rhythm to be 
defined with certainty (Fig. 3). 

Auricular Premature Contractions are clearly seen (Fig. 4) and their point of origin in terms of 
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FG. 3.—Complete A-V dissociation. P waves cannot be made out with certainty in the standard leads. Notched 
auricular waves are obvious in the cesophageal lead at 44 cm. (lowest curve). Auricular rate, 45; ventricular 
rate in standard leads, 60; in cesophageal, 40. 
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FG. 4.—Premature auricular systoles with ventricular aberration. Lead VL shows a premature systole with marked 
aberration. P is not well defined. At 34 cm. the normal auricular deflection has an S wave which is absent in 
the premature beat. At 36 cm. the normal beat has an auricular R wave, the premature beat a peaked P wave. 
The premature beat is therefore arising from a higher level than the normal probably in the left auricular append- 
age. Note also the moderate ventricular Q and depressed RS-T junction in the normal complex at 52 cm. 
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Fic. 5.—Multiple auricular premature systoles. Case 25, left bundle branch block (see also Fig. 13). Premature 
systoles not well seen in lead II. At 31 cm. they occur just after the ventricular QRS at the 3rd, 4th, 9th, and 
10th beats with a P-R interval of 0-28 sec. 


distance from the sino-auricular node can be made out. In Fig. 4 they are probably arising from 
the left auricular appendage. Multiple premature auricular systoles may be difficult to distinguish 
in the conventional leads (Fig. 5). The early large P waves are obvious in the cesophageal lead. 
Auricular Tachycardia. \n some cases of auricular tachycardia standard leads may simulate 
auricular fibrillation, but the cesophageal lead at auricular levels reveals the regular auricular 


deflections (Fig. 6 and 7). It seems likely that the cesophageal lead will show that all cases of 


repetitive tachycardia are due to an ectopic focus in the auricles. 























Fic. 6.—Auricular Tachycardia with A-V heart block. Leads If and F simulate auricular fibrillation. CEsophage:! 
leads show an auricular tachycardia at 190. At 36 cm. there is a mixed 4 to 1 and 2 to 1 block: at 38 and 
40 cm. the block is 2 to 1. 
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FiG. 7.—Repetitive Auricular Tachycardia. Attacks present for 40 years. Lead II shows two short attacks with a 
normal complex between them. Lead V2 shows a longer attack. All attacks simulate auricular fibrillation. 
The cesophageal lead (upper strip) shows premature auricular systoles arising singly and in couples from a 
focus low down in the auricle. The auricular complexes are broad and notched. The lower strip shows short 
paroxysm of auricular tachycardia at a rate of 150. 


Auricular Flutter. \n the six records obtained, the auricular rate varied from 240 to 360. At 
auricular levels a sharp auricular intrinsic deflection occurred which was similar to the normal 
auricular intrinsic deflection or to the deflection obtained in auricular tachycardia. In all the 
records there were one or more levels where the base line between the intrinsic deflections was flat, 
although, as noted by Brown (1936) and Enselberg (1951), above and below that level the base line 
tended to ascend. On the whole the deflections were large, the total intrinsic deflection varying 
from 11 to 22 mm. At the lower levels they were predominantly negative becoming positive at 
higher auricular levels, suggesting an abnormal site of origin of the impulse (Fig. 8 and 9). 

Auricular tibrillation. Of 10 cases of auricular fibrillation 9 had fibrillary waves similar to those 
scen in other leads (Fig. 10). The other record was taken during the phase of fibrillation that 
followed the treatment of flutter with digitalis before normal rhythm was restored, and in it the 
auricular deflections were large, reaching 11 mm. But they were also broad, having an auricular 
QRS of 0-08 sec. duration, and there was never a sharp auricular intrinsic deflection with a return 
te the base line. Instead, the well known characteristics of total irregularity, and of waxing and 
waning in each strip, were present. The features were what might be anticipated from a circus 
wth a changing axis constantly casting off impulses as it revolves. 
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30/7/49 . 


Fic. 8.—Auricular Flutter. Case20. Tworecords. Flutter rate is 300. At 39cm. auricular complexes are negative. 
At 35 and at 37 cm. sharp narrow auricular intrinsic deflections are seen which are predominantly negative. In 
the second record at 37 cm. the appearances between the intrinsic deflections suggest auricular T waves (see Fig. 2 
at 30 cm.). At 31 and 33 cm. the auricular complexes are positive and there is an ascending base line. 


6/ 8/49 


Ventricular Tachycardia. Two records were taken during paroxysms of ventricular tachycardia 
(Fig. 11). In both the independent auricular rhythm was easily seen, since at auricular levels the 
auricular deflections dwarfed the ventricular. 

Ventricular Premature Contractions. At ventricular levels these can be seen well enough, but 
they are equally obvious in other leads and the cesophageal lead does not offer any advantage. 


IN CARDIAC INFARCTS AND BUNDLE BRANCH BLOCK 


Posterior Cardiac Infarcts. \t was hoped that the esophageal lead would provide additional 
information in posterior infarction but the results have proved disappointing. Five patients with 
recent infarction, 5 with healed infarcts, and 9 with doubtful infarcts were examined. In no case 
was any information obtained from the esophageal lead that was not already available in lead VI. 
Those with signs of recent or healed infarcts in lead VF showed similar signs at the ventricular level's 
of the ceesophageal lead (Fig. 12). In those with only a small Q and a flat T in VF the esophageal 
lead was either similar or else it was normal. High posterior infarcts occur too near to the transi- 
tional zone to make the cesophageal curves reliable, since the Q waves and negative T waves may form 
part of a normal transition to cavity potentials. It appears that the left leg lead (VF) reflects the 
potentials of the diaphragmatic surface of the ventricle as accurately as does the cesophageal (Scherl's 
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FiG. 9.—Auricular Flutter. (A) Case 17. Flutter rate is 240. At 39 cm. auricular complexes are negative. At 
37 cm. sharp, narrow intrinsic deflections which are predominantly negative. Auricular T waves seen between 
intrinsic deflections. At 35 cm. complexes are predominantly positive and there is a tendency towards an 
ascending base line. (B) Case 51. Flutter rate is 280. At 38 cm. where the auricular complexes are positive 
the base line is isoelectric. 
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FG. 10.—Auricular Fibrillation. (A), (B), and (C) (Cases 47, 45, 58) show the largest fibrillary waves obtained in 
patients with established fibrillation. In (D), taken during the treatment of flutter with digitalis, large deflections 
up to 11 mm. are present at times but they are broad and there is never any return to the base line. 
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Fic. 11.—Ventricular Tachycardia. (A) Rate 146. An independent auricular rhythm at 110 can just be made out 
in lead II, but is obvious at 34 cm. where the auricular complexes are larger than the ventricular. (B) Rate 160. 


Auricular rhythm at 100 clearly seen at 42 cm. 


et al., 1951). It also seemed possible that the cesophageal electrode just before and after it enter 
the stomach might face the right ventricle in some cases and not the left. To test this possibilit 


patients with bundle branch block were examined. 
Left Bundle Branch Block. Tencases wereexamined. In 5 the deflections of the esophageal 


lead 


at the ventricular level resemble lead V5, showing that the electrode was facing the left ventricle. In 
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Fic. 12.—Posterior Infarction. (A) Case 35 has evidence of recent infarction with deep Q and negative T in lead VF. 
Similar apperances at 50 and 48 cm. P wave changes do not begin till40cm. (B) Case 6 has deep Q and domed 
Tinlead VF. There are similar changes from 55 to47 cm. P waves alter at 43cm. (C) Case 52 has evidence 
of a healed infarct in lead VF with a broad Q, embryonic R, and flat T. A deep Q and flat T are present from 
56 to 50cm. P waves become peaked at 42 cm. 


3 cases the deflections at the ventricular level resemble those in V1 and the esophagus was, therefore, 
facing the right ventricle. In 2 the complexes were transitional in type, showing that the electrode 
was opposite the septum. In two of the cases where the cesophagus faced the right ventricle at its 
lower end, the complexes resembled those of V6, and so faced the epicardial surface of the left 
ventricle, as high as 30 cm. Both these hearts were grossly hypertrophied, and in hearts with 
much left ventricular hypertrophy, cavity potentials may never be recorded (Scherlis e¢ al., 1951). 
In the two cases where the lower end of the cesophagus faced the septum, the changes to the left 
ventricular surface potentials took place at 47 and 39 cm. (Fig. 13). 

Right Bundle Branch Block. In 4 cases the cesophageal deflections at the ventricular level 
resembled those of lead V5, showing that the cesophagus was facing the left ventricle (Fig. 13). 
The position of the heart in these cases was either normal or vertical. 


DISCUSSION 


The cesophageal lead has proved of value in elucidating the nature of auricular arrhythmias 
when P waves cannot be defined with certainty in the standard or precordial leads. This has been 
encountered in complete heart block and in ventricular tachycardia, but it is particularly applicable 
in some cases of auricular tachycardia, when a rapid and irregular ventricular rate may simulate 
aliricular fibrillation. In these circumstances the cesophageal lead will furnish the diagnosis and 
record the auricular rate with precision. 

The results in auricular flutter and fibrillation are confusing, since the curves are very different. 
I. flutter a sharp narrow intrinsicoid deflection occurs which is usually of high voltage. In fibrilla- 
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Fic. 13.—(A)-(D). Four cases of left bundle branch block and (E) one of right to show which ventricle the cesophagus 
faced at its lower end. In (A) and (B) Cases 25 and 31 the complexes at 50 cm. resembled V1, and therefore 
faced the right ventricle. At 29 cm. they resembled V6 and so faced the epicardial surface of the left ventricle. 
(C) and (D) Cases 1 and 24 show transitional complexes at 55 cm. and 47 cm. respectively, and so faced the 
septum. At 47 and 39 cm. respectively they resembled V6. (E) In Case 26 with right branch block the com- 
plexes at 47 cm. resembled V5, and so faced the left ventricle. 


tion there are usually only fibrillary waves, and when large deflections do occur they are broader than 
normal. In flutter there was always one level at which the auricular diastolic period was isoelectric, 
although above and below that level there was an ascending base line as the intrinsicoid deflection 
merged gradually into the flutter peaks. In fibrillation a return to the base line was never seen, and 
the curves exhibited the usual waxing and waning in voltage. Brown (1936) attempted to explain 
the difference between the two arrhythmias by suggesting that flutter was due to a single circus 
and fibrillation to multiple circuses. Prinzmetal et a/. (1950), however, has recently brought 
forward substantial evidence against the presence of a circus movement in either condition. The 
cesophageal lead is a semidirect lead, comparable with the precordial leads. The intrinsicoid 
deflections are the result of potentials gathered from a larger area than in the case of the true intrinsic 
deflections obtained with electrodes attached to the epicardium. It does not seem likely, if th 

auricles were being activated seriatim by impulses thrown off from a central revolving circus, tha! 
the intrinsicoid deflections would have a normal form. Broader complexes such as are found in 
fibrillation would be anticipated. Moreover, in all the records, as well as in three of those reported 
by Enselberg (1951), predominant auricular S waves gave place to predominant auricular R waves 
as the tube was withdrawn, and it is not easy to see how early intrinsicoid deflections could occu’ 
so frequently at the lower auricular levels if activation of the auricle arose from a ring involving the 
orifice of the great veins at the upper end of the right auricle. The evidence of the cesophageal lead 
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ould appear to favour the theory of a circus movement in fibrillation but a single ectopic focus 
in flutter. 

The study of the ventricular levels of the cesophagus has not yielded any information of value. 
Posterior infarcts are shown but no better than in lead VF. In high posterior infarcts the area of 
damage is too close to the transitional zone to make the signs of infarction reliable. In horizontal 
hearts the cesophagus in its lower reaches faces the right ventricle or the septum with the result that 
the infarct may show better in lead VF. 


CONCLUSIONS 


The cesophageal lead has only a limited application in electrocardiography. 

Except in fibrillation, auricular intrinsicoid deflections can almost always be obtained at the 
auricular levels. This is useful in auricular tachycardia when there is a doubt about the auricular 
rate, and when the standard leads simulate fibrillation. P waves have also been difficult to recognize 
in other leads in some cases of multiple premature auricular systoles, and in complete A-V 
dissociation. 

The cesophageal curves of auricular flutter and fibrillation differ so much as to make it unlikely 
that they are due to the same mechanism. The evidence favours the view that auricular flutter may 
be due to a single ectopic focus. 

The cesophageal lead at ventricular levels has proved disappointing. In posterior infarction the 
lead is not superior to lead VF. 
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Cardiological texts yield scant information on the significance of notching of upright T waves. 
White (1948) states briefly: ‘“‘ The T wave is frequently diphasic but rarely notched... A late notch 
or dip in a low T wave in lead II suggests the effect of heart position in an otherwise normal person.” 
Katz (1947) points out that notching of the T wave is abnormal in the limb leads but may be 
observed in records of normal children in leads CF2 and CF4, rarely in CF5. Occasionally, notching 
of T occurs in lead CF2 of normal adolescents. Pathologically notching of T is associated with 
hyperthyroidism or acute pericarditis. Scherf and Boyd (1946) mention the occurrence of bifid T 
waves in cases of rheumatic heart disease and pericarditis. According to Burch and Winsor 
(1949), notched T waves are not uncommon in lead II in normal persons; deeply notched T waves 
in lead I are suggestive of myocardial disease. Ashman and Hull (1941) state that the normal T 
wave is never abruptly and sharply notched; slight notching of low T waves in the limb leads and 
notched T waves in lead IV F are occasionally observed in normals; in heart disease due to rheu- 
matic fever, thyrotoxicosis, arteriosclerosis, or syphilis, sharp notching of the T wave may be present, 
especially in lead IV F. Pardee (1941) writes: ‘“‘ Notching of T is rare in the limb leads. This wave 
is typically a smooth, rounded or peaked elevation, unless it should have a P wave superimposed on 
it... Notching of T is seen... as a result of digitalis and . . . quinidine administration. A similar 
notching has been observed in records from certain patients suffering from hyperthyroidism. 
Nothing can be said as to the significance of this notching of T except that it is probably due to a 
toxic reaction of the myocardium. Notching of T is also found in records obtained by precordial 
leads. It is much more frequently seen in these leads than in the leads from the extremities. Its 
significance in the precordial leads is not understood but it is thought to be an abnormal finding.’ 

The statements quoted from current textbooks convey the impression that notching of T is 
associated with few pathological conditions and that its meaning is still obscure. Within recent 
years we have become aware of the frequent incidence of notched T waves, especially since we made 
it a routine procedure to take full sets of chest leads. We decided to study systematically the 
incidence and significance of notched T waves correlating clinical and electrocardiographic 
data. 


METHODS AND RESULTS 


In a series of 1000 consecutive electrocardiograms obtained in the past two years from 333 
hospital patients with and without heart disease, notching of the T wave was found in the tracings of 
54, representing 16 per cent of the total number of patients studied. All records included six chest 
leads and three unipolar limb leads in addition to the standard leads. 

We analysed the clinical data of 100 patients who had been thoroughly studied by one of us 
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luring the past few years and whose electrocardiograms presented notched T waves in limb or chest 
leads. A full set of leads was available in 74 cases of this series; CF, CR, and V leads were represen- 
ied in fairly equal numbers. In 46 patients the unipolar limb leads were obtained. 

The results of this study are recorded in Table I. The 100 cases that presented notching of 
included 13 without evidence of heart disease, and 87 that showed symptoms and signs of 
cardiac pathology. 


TABLE I 
INCIDENCE OF NOTCHING OF T IN ONE HUNDRED CLINICAL CASES 
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The normal group. The group of patients without evidence of heart disease included six 
children and seven adults. Notching of T was infrequently observed in the limb leads; it occurred 
twice in lead II, once in the tracing of a child and once in an adult. In the precordial leads, notching 
of T was more frequent; it occurred in tracings of children and adults in leads from positions Cl, 
C2, C3, and C4, In three normal adults, who presented notching of T, a diagnosis of neurocircu- 
latory asthenia was made. One adult patient died of carcinoma of the eesophagus; the post-mortem 
report stated that the heart was “ perfectly normal.’’ In this case the electrocardiogram showed 
notching of T in lead C2. 

The pathological group. The group of patients with evidence of heart disease, whose electro- 
cardiograms showed notching of T, included a great variety of pathological conditions: Coronary 
arteriosclerosis (32)*; left ventricular hypertrophy (23); right ventricular hypertrophy (1); rheu- 
matic carditis (5); pericarditis (4); right bundle branch block (6); left bundle branch block (3); 
hyperthyroidism (3); chest trauma (1); quinidine effect (3); digitalis effect (1); rapid effect of 
smoking (1); effect of prolonged paroxysmal tachycardia (1); Addison’s disease (1); and hypo- 
potassemia (2). 

Patients with heart disease showed notching of the T wave rather commonly in the limb leads 
and even more frequently in the precordial leads. Notched T waves were observed in lead I in 19 
petients; in lead II in 12 patients; they were infrequently encountered in lead III and in the 
ui ipolar limb leads. In the chest leads the incidence of notching of T was highest in leads from 
pesitions C2, C3, and C4, which usually include the transitional zone; in lead C2 notching of T was 
present in 22 patients, in lead C3 in 32 patients, and in lead C4 in 44 patients. 


* The figures in parenthesis indicate the number of cases in which the pathological heart condition was diagnosed. 
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THE MEANING OF NOTCHING OF T 

A striking parallelism can be observed in the incidence of notching and inversion of the T waves. 
In electrocardiograms of normal children inversion of T is frequently present in those precordial 
leads displaying the right ventricular pattern (Goldberger, 1946); notching (or slurring) of T is 
common in the same leads (Fig. 1). In adults with normal hearts, inversion of T is rare in leads | 
and II, and in the precordial leads except from position C1; notched T waves are also unusual in 
these leads. Inversion of T in lead II and in the precordial leads has been reported in instances of 
neurocirculatory asthenia (Graybiel and White, 1935); in 3 patients of the normal adult group of 
our series presenting notching of T, the diagnosis of neurocirculatory asthenia was made. 


I 1 mm’ CR, CRz CR3 CRy CRs CR¢| 





Fic. 1.—Five-year-old healthy child. The T wave is notched in CRI. There is slurring of the 
descending limb of T near the apex in lead CR 2. 





Fic. 2.—Fifty-eight-year-old man. (A) Beforecoronary attack. Thetracingisnormal. (B) Twenty-four hours after 
the onset of a protracted attack of substernal pain. TI is low. There is notching of T in leads CR3 to CR‘ 
(C) Twelve days after (A). Notching of T has turned to inversion in leads CR3 to CR6; besides, inversion of 
T has developed in leads I and in CR2. (From Dressler and Roesler (1948). Amer. Heart J., 36, 115.) 


Even more striking is the parallelism in the incidence of inverted and notched T waves in patients 
with heart disease. The variety of pathological conditions represented in our patients whose tracings 
showed notching of T is identical with those heart diseases in which inversion of T is a common 
finding. Ischemia of the myocardium, above all, is often marked by notching as well as inversion of 
T. These electrocardiographic changes may be the only significant findings in these instances of 
acute coronary insufficiency where, following severe or prolonged anginal pain, evidence of myocar- 
dial infarction fails to develop (Fig. 2 and 3). Left ventricular hypertrophy ranges next to coronary 
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V2 


FiG. 3.—Fifty-year-old man. Hypertension. Exertional precordial pain for the past five years. (A) Two and a 
half hours after the onset of a protracted attack of substernal pain. The T waves are inverted in the standard 
limb leads, in leads aVF and V5, and are semi-inverted (~ ) in lead V6. There is terminal inversion of T in leads 
Vi to V4. (B) Four days after (A). In the leads V1 to V4 the changes of T are regressive. The T waves have 
become upright in V1, V2 and V3, and are notched in lead V4. (C) Two weeks after (A). There is still slight 
notching of Tin V4. Notching has replaced inversion of T in lead V5. In the precordial leads from the right 
side, the amplitude of T has increased. 


arteriosclerosis in the frequency of incidence of notched and inverted T waves. 

Notching and inversion of T are often present in the same tracing, especially in the chest leads. 
When inversion of T is confined to leads from the right or left side of the precordium, notching of 
T is frequently present in the leads of the transitional zone. This is true, for instance, of preponder- 
ant right or left ventricular hypertrophy (Fig. 4) and bundle branch block. Occasionally notching 
and inversion or semi-inversion of T are observed even in the same lead (Fig. 5, lead V2). 

In acute conditions as in pericarditis or coronary insufficiency, transitions from notched to in- 
verted T waves may be observed in serial tracings (Fig. 2); or, the reverse course takes place in the 
healing stage, inversion of T being followed by notching before the T waves revert to normal (Fig. 3). 
Similar observations have been reported in experimental studies. Bayley and La Due (1944) 
studied the immediate effect of subtotal ligation of a coronary artery in continuous records. An 
elastic ligature was placed around the dissected artery and subtotal occlusion was carried out in 
Stages by gradual tightening of the ligature, each stage lasting about thirty seconds. The first 
effect of ischemia was notching at the top of the T waves (their Fig. 2) and then, while the loop round 
the coronary artery was tightened, the dip at the top of T deepened until complete inversion of T 
resulted. Hellerstein and Leibow (1950) produced in the dog inversion of T in epicardial leads by 
cooling of the epicardial surface; notching of the originally upright T waves preceded the develop- 
ment of complete inversion of T. In man, Alzamaro-Castro et al. (1949) caused inversion of spon- 
taneously notched T waves by carotid sinus pressure. 

These clinical and experimental observations indicate that notching and inversion of T are 
ely related and, indeed, have the same meaning. Inversion of T points to a disturbance in the 
tive rapidity of the repolarization process in the subendocardial and subepicardial lamina of the 
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Fic. 4.—Fifty-seven-year-old man. Hypertension. The tracing shows signs 
suggestive of left ventricular hypertrophy. The T waves are upright 
in leads V1 to V3, and mainly inverted in VS and V6. In the 
transitional zone (V4), the T wave shows notching of its descending 
limb and is followed by an inverted U wave. 


a/R dV 












Fic. 5.—Thirty-two-year-old woman with evidence of syphilis. No signs of cardiovascular involvement. 
The T wave is inverted in lead V1, and notched in V3. There is alternate notching and inversion of 
the T wave in V2, probably explained by respiratory changes in the position of the heart. 


myocardium (Hellerstein and Liebow, 1950). Notching of T is due to a disturbance similar in 
kind and different only in degree from that manifested in complete inversion of the T wave. !n 
semidirect and indirect leads, notching of T may be also due to fusion of positive and negative 
potential changes derived from different portions of the myocardium. This mechanism may be 
responsible for notching of T in the transitional zone of the precordial leads when the T waves in 
the extreme right and left side precordial leads show opposite direction (Fig. 4). 


SLURRED, FLAT-TOPPED, AND TRIPHASIC T WAVES 


In tracings that exhibit notching of T, there are often related changes such as slurred, flit- 
topped, or triphasic T waves. Notching of T is spoken of when the trace displays more than one 
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Fic. 6.—Nine-year-old child. Acute rheumatic fever. TI is low and triphasic. The 
T waves are notched and saddle-shaped in leads CRI through CR3; they are 
flat-topped in leads CR4 and CRS. In lead CR3 the descending limb of T is 
fused with an upright U wave. 





CRE | 


turning point at the same side of the reference level. When, however, instead of a change in direc- 
tion, a sudden change in the rate of the rising or falling trace takes place, local thickening, i.e. 
slurring of T results (Fig. 1, lead CR2). 

Notching of T may be located on the ascending or descending limb or at the apex of T. In 
the latter case the top of the T wave is wider than usual and may present a saddle form (Fig. 6). 
When the dip of the saddle deepens so as to reach below the level of reference, a triphasic T wave is 
formed. On the other hand, the dip may be shallow or hardly noticeable; the T wave then appears 
flat-topped, presenting a plateau instead of a blunt or slightly rounded apex. Transitions from one 
type of change into the other are sometimes present in the same tracing (Fig. 6). Sagall et al. (1943), 
in experimental studies of the effect of quinidine, observed notching of T which appeared one and a 
half hours after the ingestion of one gram of quinidine; before notching developed, the amplitude of 
the T wave decreased and its top became flat and plateau-like. 

Notched, slurred, flat-topped, and triphasic T waves are closely related; they are apparently 
produced by a similar mechanism and have the same significance as inverted T waves. 


ir in FALSE NOTCHING OF T 
In False notching is due to superposition of a P or U wave upon a T wave. This possibility should 
ative be borne in mind whenever notching of T is observed, since false notching differs profoundly in 
y be f significance from genuine notching of T. The presence of a P wave superimposed on T is usually 
es in eas'ly recognized. Fusion of a U wave with T can be diagnosed by comparing the length of the 
Q-T interval in such leads where notching of T is absent, and then determining the end of the T 
wave, 
SUMMARY 
flat- 


The incidence and significance of notching of upright T waves in clinical pathology was studied. 
Notching of the T wave is a frequent electrocardiographic finding. In a review of 1000 electro- 
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cardiograms, that were obtained from 333 hospital patients with and without heart disease, notchin; 
of T was present in 16 per cent of the patients. 

In the absence of heart disease, notching of T is rare in the limb leads, but is not infrequent i 
precordial leads especially in children. When heart disease is present, notching of T is often 
observed in the limb leads and is even more frequent in the chest leads. It occurs in a great variety 
of pathological conditions, most often with coronary insufficiency and/or left ventricular hyper- 
trophy. 

Notching of T is observed under the same conditions as inversion of T. Both features of 1 
may occur in the same lead either simultaneously or in serial tracings during the evolution of a 
pathological condition. Experimentally, certain effects such as progressive diminution of the 
coronary blood supply may produce first notching and then inversion of T. Thus, clinical and 
experimental evidence indicate that notching of T is due to a similar mechanism and has the same 
significance as inversion of T. Slurred, flat-topped, and triphasic T waves are closely related to 
notched T waves and have the same meaning. 

Genuine notching of T should be distinguished from false notching that is caused by superposi- 
tion of P or U waves upon the T wave. 
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The purpose of this paper is to describe some of the X-ray appearances of acute pulmonary 
cedema occurring in heart failure, and to distinguish them from other shadows in the lung commonly 
associated with heart disease. It is based on films of patients taken during attacks of breathless- 
ness due to acute pulmonary oedema. The films were usually taken in the ward with a portable 
X-ray apparatus, a procedure causing little discomfort to the patient, though with the inherent 
disadvantages of a short tube-distance and a longer exposure time. Teleradiograms at six feet were 
taken at once in a few cases when the patient was admitted to hospital during an attack. Not every 
patient with paroxysmal dyspnoea shows the radiological changes of acute pulmonary oedema, 
especially if the attack is mild; but such changes are frequently evanescent so that if examination 
is delayed even a few hours they may have vanished. 

Twenty cases are included in this series: 10 had hypertensive heart failure, comprising 2 with 
malignant hypertension, 4 with nephritis, and 4 without renal involvement; another without 
hypertension, had great enlargement of the left ventricle and left bundle branch block; three 
patients had aortic incompetence, 1 due to bacterial endocarditis and 2 due to syphilis, but in one 
of these heart failure was due to cardiac infarction. There were 6 cases of mitral stenosis, all 
women, and all in normal rhythm except one with auricular fibrillation where acute pulmonary 
oedema was caused by a blood transfusion. 


GENERAL FEATURES 


Acute pulmonary oedema appears on the film as dense cloudy opacities covering both hilar 
regions, often obscuring all details of the lung roots and of the adjacent lung structures. The 
shadows spread outwards from the hila over the central portions of the lung fields and down into 
the lung bases; it is noteworthy, however, that the apices of the lungs above are usually unaffected, 
and so quite often are the costophrenic angles below (Fig. 1A, 11A, and 12B). Occasionally the 
opacities affect mainly the hilar region and do not extend far into the lung field (Fig. 8A and 17A), 
or the main density is perthilar and softer clouds lie farther out towards the periphery (Fig. 9A 
and 16A). 

The cloudiness usually ends before it reaches the chest wall, so that the periphery of the lungs 
with the apices and the costophrenic angles form a continuous light outer zone (Fig. 1A and 3). 
In very severe cases or with repeated attacks, the cloudy areas extend to the chest wall and only 
th. apices escape (Fig. 4A and 12A). Both lungs are always simultaneously affected, though 
sc;netimes one more than the other. In the anterior view there is no tendency towards a lobar 
or segmental distribution of the opacities which radiate from the hila without regard to the anatomical 
di-isions of the lungs. Here acute pulmonary cedema differs from pulmonary infarction, which is 
fr. quently confined to one side and limited to a portion of a lobe. 
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The shadowing often takes one of two forms. In one there is a dense cloudiness or blotchiness 
composed of large uneven opacities, frequently confluent, which obscure the pattern of the lungs 
(Fig. 1A, 2, and 6); in the hilar regions the density blots out the pulmonary vessels, and below them 
it may partly hide the outline of the heart (Fig. 4A, 12A, and 16A); this contrasts with severe 
pulmonary congestion without cedema, where the vascular markings of the lung fields are increased 
and the lung roots appear as a condensed mass capping each hilum (Fig. 4B and 5). Where the 
shadowing is dense and uneven there is an appearance of blotchiness rather than cloudiness, though 
here also the markings of the lungs are concealed (Fig. 11A and 19A). In regions where the large 
opacities are diffuse and faint, pinhead stippling may appear (Fig. 10A); the stippling fades towards 
the outer part of the lung, and vanishes when the cedema clears (Fig. 10B). 





A B 
Fic. 1.—Malignant hypertension. (A) Acute pulmonary edema. Teleradiogram showing extensive cloudy opacities 
in the central and basal parts of the lungs. The apices and costophrenic angles are spared and there is a con- 
tinuous light outer zone. No crepitations were audible clinically. Blood urea 67 mg. per 100 ml. (B) One 
month later following treatment with digitalis and mersalyl. Lung fields clear. No hilar congestion. The 
diaphragm is only slightly lower and the heart has hardly changed in size. Cardiothoracic ratio 52 per cent in 
(A); 50 per cent in (B). 


In the second and less common variety of shadowing there is a great overall loss of translucency 
of the lung fields, and the opacities take the form of blurred branched finger-like processes radiating 
from the hila (Fig. 13A); or, it may be, of blurred speckling in which the branching is less con- 
spicuous. Close-up views of the lung show the darkened field, and in one case small cloudy 
opacities mingle with the ill-defined outlines of enlarged divisions of the pulmonary vessels (Fig. 15); 
in another, blurred speckling is seen without obvious branching (Fig. 14). In this second variety 
of pulmonary cedema the hilar vessels and the lung structure are not completely hidden, though 
almost the whole of the lung field may be affected. The significance of the varied appearance of 
the lung shadows is discussed later. 

Hilar congestion, sometimes of severe degree (Fig. 13A), is evident when the lung roots are not 
entirely obscured. With recovery from the attack hilar congestion usually persists after the other 
opacities have disappeared (Fig. 4B and 13B), but the hilar shadows may also return to normal 
with treatment (Fig. 1B). ; 

Hydrothorax is unusual in isolated attacks of acute pulmonary cedema, and in 15 of my 20 cases 
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he lateral costophrenic angles remained free from fluid. With frequently recurring severe left 
ventricular failure, or when right ventricular failure is added, hydrothorax is more often demon- 
strable; pulmonary infarction associated with acute pulmonary cedema is also likely to cause effusion. 
An example of a large hydrothorax with acute pulmonary oedema is seen in Fig. 4, and hydrothorax 
cn the left side due to infarction of the left lower lobe, confirmed at necropsy, with acute pulmonary 
«edema is shown in Fig. 3. Though large effusions are seldom seen in uncomplicated acute pul- 
monary edema, frequent evidence of a pleural reaction is seen in the thickening of the interlobar 
fissure on the right side, thought to be due to a layer of fluid on the pleural surfaces lining it (Fig. 4A, 
8B, and 9A). 





Fic. 2.—Portion of right lung field in Fig. 1(A), natural size. Shows diffuse 
uneven cloudiness which conceals the hilar structures and lung pattern. 


The height of the diaphragm alters little during an attack (Fig. 1, 13, and 17); usually there is 
only slight elevation, or none at all, in contrast with the raised dome of chronic congestive failure 
and the persistent elevation resulting from pulmonary infarction. Dilatation of the superior vena 
cava is seldom seen, though sometimes its outline is too obscured to be certain of its limits. 

The heart is almost always increased in size and altered in shape, both these depending on the 
underlying heart disease. The enlargement is frequently much less than might be expected, and 
is sometimes very slight in mitral stenosis (Fig. 17). Moderate enlargement is usual with hyper- 
tcasion (Fig. 1, 4, and 8), and great enlargement of the left ventricle was seen with left bundle branch 
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Fic. 3.—Chronic nephritis and hypertension. Acute pulmonary edema. Dense uneven shadow- 
ing affecting the central parts of the lungs. Apices spared and light zone at the periphery. 
Left hydrothorax from infarction of left lower lobe. Post-mortem control. 
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A B 
Fic. 4.—Hypertension. (A) Acute pulmonary edema. Shadowing extends as far as the chest wall on both sides 
Apices clear, and lower part of left lung field less affected. Hilar vessels hidden and cardiac outline part'y 
obscured. Right interlobar fissure visible. Normal renal function. (B) Nine days later. Lung opacities gon-. 
Severe pulmonary congestion remains. Left hydrothorax. Heart enlarged. 
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dlock (Fig. 9) and with aortic incompetence (Fig. 11). The shape and size of the heart change 
ittle or not at all, during an attack and with recovery (Fig. 1, 9, 11, 13, 17, and 19). 


THE REGRESSION OF THE X-RAY SIGNS 
The X-ray changes of acute pulmonary oedema frequently disappear with remarkable rapidity, 
and for this reason they are often missed. Once the lung fields cleared within 14 hours of the onset 
of the attack (Fig. 9), and in three others within 24~48 hours (Fig. 16, 17, and 19). In two more, 
very extensive lung shadows disappeared within a few days—in one after 3 days, though severe 





Fic. 6.—Pyelonephritis with uremia. Hypertension. 


ary cdema. Bacterial endocarditis of the mitral day before death. Widespread blotchy opacities 

valve. Post-mortem control. extending to the chest wall. Apices and costo- 
phrenic angles spared. No hydrothorax post 
mortem. 


pulmonary congestion remained (Fig. 18), and in the other after 4 days, when all trace of pulmonary 
cedema had gone(Fig.11). The early clearing of the lung fields helps to distinguish acute pulmonary 
from the pneumonias, where resolution commonly takes longer, and also from the shadow of pul- 
monary infarction, a likely complication of heart failure, which may persist for several weeks. 
The disappearance of the pinhead stippling in Fig. 10 differentiates it from the somewhat similar 
shadowing of hemosiderosis; lung opacities due to tuberculosis, carcinoma, silicosis, and sarcoid 
are also distinguishable from acute pulmonary cedema by their much slower development on the 
X-ray. 


DISCUSSION 


Acute pulmonary oedema falls clinically into two groups depending on whether the attack is a 
single isolated episode followed by recovery, or whether a number of attacks are recurrent events 
in the course of progressive left ventricular failure. The term sub-acute pulmonary oedema has 
been applied to the recurrent variety (Antonelli, 1935; Zdansky, 1939; and Lenégre and Minkowski, 
1946). In it the radiological picture of pulmonary cedema is often surprisingly extensive, and may 
persist between attacks when clinical signs and symptoms have temporarily abated (Fig. 12B). It 
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7.—Photograph of the lung of patient in Fig. 6 showing pale frothy fluid exuding from the cut surface and filling 


the bronchi. 


A B 
Fic. 8.—Chronic nephritis and hypertension. Recurrent acute pulmonary ceedema. (A) Anterior view. Opacitics 
mainly perihilar with radiating strands. Lateral costophrenic angles clear. Heart moderately enlarged. 
(B) Right lateral view. Small right posterior hydrothorax which was hidden in the anterior view. Fluid in 
the interlobar fissures. Net-like appearance of the lung markings. 
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A B 
Fic. 9.—Left bundle branch block. Large left ventricle. (A) Teleradiogram during an attack of acute pulmonary 
cedema. The main density is perihilar with softer clouds farther out, better seen on the right side. Apices and 
costophrenic angles clear. Right interlobar fissure visible. (B) Teleradiogram 14 hours later after morphia 
injection. Lung fields entirely clear. Height of diaphragm and size of heart unchanged. Cardiothoracic ratio, 
70 per cent. 


A B 
Fic. 10.—Close-up views of the left lung field above the hilum in Fig. 9. Natural size. (A) Pinhead stippling in the 
outer part of the shadowing. (B) After recovery the pinhead stippling has gone. 
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A B 
Fic. 11.—Syphilitic aortic incompetence. (A) Acute pulmonary oedema. Uneven blotchy opacities in central and 
basal lung fields. Apices clear. Diaphragm not raised. (B) Four days later. Treatment with morphia and 
digitalis. Lung fields clear. Very large left ventricle unchanged in size. Cardiothoracic ratio, 68 per cent. 


is to this group that the so-called ‘* uremic lung” belongs, and the occasional case of severe pul- 
monary cedema appearing as an unexpected radiological finding. Since, however, the two groups 
do not permit a radiological distinction, the division is not maintained in this paper. Besides, 
examples in the first group may progress into the second, and some of those with persistent signs of 
pulmonary oedema may recover with adequate treatment. 


THE LUNG SHADOWS 


The cloudy opacities of acute pulmonary cedema have been called “* butterfly ” or “ bats-wing 
shadowing,” thus emphasizing both the bilateral distribution and the characteristic extension into 
the central and basal parts while sparing ihe apices and the periphery. Both lungs were simul- 
taneously affected in all my 20 cases, though sometimes unequally. Other authors believe the 
shadowing may affect one lung alone or even one lobe, and Nessa and Rigler (1941) showed an 
example of edema of the whole of the right lung without involvement of the left (Felson and Heublein, 
1948; and Hodson, 1950); such cases of unilateral acute pulmonary cedema in heart failure are 
very rare. Where one lung is more affected than the other it is usually the right, and this was so in 
6 of my 7 cases showing unequal involvement; in 2 added infection was thought to be responsible 
(Fig. 18), and may even have caused the attacks of acute pulmonary edema. Zdansky (1933) and 
Weiss (1941 and 1942) both remarked on the greater susceptibility of the right lung, and Werkenthin 
(1939) discussing possible causes of unusual distribution thought the position of the patient influenced 
the localization of the cedema in the lungs. 

The shadowing may take the form of dense clouds, or it may have a branched or specklec 
appearance; sometimes it is intermediate between these two varieties or differs with the positior 
in the lung field. Subdivision of the shadows into nodular and net-like forms was made by Lenégre 
and Minkowski (1946), who mentioned the resemblance to the pneumonias, neoplasm, miliar\ 
tubercle, sarcoidosis, and silicosis, and an even more detailed classification was attempted b: 
Donzelot and Heim de Balzac (1947). Fine stippling in the outer zone of shadowing was once see: 
in a teleradiogram taken during an attack (Fig. 10), and it re-appeared during subsequent bouts o* 
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A B 


Fic. 12.—Bacterial endocarditis. Aortic incompetence. Recurrent attacks of acute pulmonary oedema. (A) Five 
days after onset of attacks; seven days before death. Very dense and extensive shadowing. Apices spared. 
(B) Two days before death during a temporary remission of symptoms between attacks. Extensive opacities 
persist on both sides though the apices and lower lung fields are relatively clear. Lungs not infected post mortem. 
Adherent pleura. No hydrothorax. 


acute pulmonary ceedema. Minute opacities were also seen by Roubier and Plauchu (1933) using 
a hand-lens, to which they applied the term “ fin piqueté.”” The infrequency of this type of shadow- 
ing may be partly due to the lack of definition in portable films. 

The reason for the varied picture of acute pulmonary cedema is not clear; in part it may be 
determined by the stage in the development and absorption of the oedema at which the film is 
taken (Hodson, 1950). Any explanation of the shadowing in the lungs is largely speculative, though 
some help is obtained from pathological examination if the time interval before death is short. An 
increase in the fluid content of the lung tissues, distributed evenly, will cause a generalized loss of 
translucency on the film, or a layer of fluid in an oblique fissure may have a similar effect when 
viewed from the front (Fig. 8). There seems little doubt too, that localized collections of fluid in 
the air spaces of the lung are responsible for the dense cloudy opacities, since voluminous expectora- 
tion is not infrequent. Fig. 6 is a film taken the day before death, showing such widespread 
opacities, and at necropsy frothy fluid streamed from the cut surface of the lung (Fig. 7). Some- 
times the oedema fluid is highly albuminous or even gelatinous (Doniach, 1947), which may explain 
how extensive opacities can be present in the X-ray when there is no sputum. Smaller collections 
of fluid confined to lobules of the lung would account for the speckled shadows (Fig. 14), and 
fluid-filled trefoils of alveoli for the pinhead stippling (Fig., 10). Lendrum ef al. (1950) saw 
microscopically fibrinous coagulum in small groups of alveoli some three weeks after recovery from 
a short attack of cardiac asthma, where death was due to an unrelated cause. (Edema of the 
interstitial tissues of the lung, of the vessel walls, and lung septa, combined with distension of the 
vessels themselves, probably gives rise to the branching effect (Fig. 13A and 15), and involvement of 
the smaller vessels to the finer strands or network that is sometimes seen (Fig. 8). Vessels seen 
end-on would contribute to the speckled effect accompanying the net-like appearance. 
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A B 


Fic. 13.—Mitral stenosis. Normal rhythm. Acute pulmonary cedema. (A) Teleradiogram showing generalized 
loss of translucency of the lungs and blurred branched finger-like processes radiating from the hila. (B) One 
week later. Rest and digitalis. Lung fields brighter. Pulmonary vessels more sharply outlined. Much hilar 
congestion. Height of diaphragm and size of heart unchanged. Cardiothoracic ratio, 54 per cent. 


The rapid disappearance of the opacities is of great help in their differentiation from other 
diseases (p. 507), and mention was made earlier of the lungs clearing within 14 hours of the onset 
of an attack of acute pulmonary ceedema; Lenégre and Minkowski (1946) speak of recovery in 
under 24 hours, Weiss (1941) in 24-48 hours, and Coe and Otell (1932) in under 48 hours. Often, 
however, a severe attack takes a few days to resolve, or even a week or more (Hodson, 1950), and 
in one case of severe failure the picture of acute pulmonary cedema persisted for nearly two weeks 
up to the time of death (Fig. 12). Rendich et a/. (1941), mentioned the seriousness of the prognosis 
when the lung opacities persisted in spite of treatment, but Hodson (1950) found prognosis on the 
basis of the lung shadows difficult and emphasized that the condition was by no means always 
mortal. 

Extensive lung opacities due to pulmonary cedema are sometimes discovered unexpectedly on 
X-ray when not previously suggested by the clinical signs (Zdansky, 1933; Roubier, 1938). Fig. 1A 
is such an example; crepitations were absent in the lung bases, though the patient was very breath- 
less. The central distribution of the cedema leaving a clear outer zone of well-zrated lung is thought 
to be the explanation (Nessa and Rigler, 1941; Rennaes, 1948); such oedema may develop gradually 
so that a precise onset cannot be stated. 


HYDROTHORAX 


Opinions differ regarding the frequency of hydrothorax in acute pulmonary edema. Clarity 
of the lateral costophrenic angles is usual in films in the frontal plane (as in 15 of my 18 cases 
without additional pulmonary infarction), but small hidden collections of fluid may still be present 
in the deeper posterior extensions (see Fig. 8). Lenégre and Minkowski (1946) noted blurring of 
the angle in oblique views, and obtained a few ml. of fluid on pleural puncture, usually on the right 
side, in 11 of 13 cases after major attacks of acute pulmonary cedema. Fig. 6, on the other hand, 
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Fic. 15.—Close-up view of right lung field (natural 
size) in acute pulmonary cedema showing blurred 
speckling without obvious branching of the 
shadows. Syphilitic aortic incompetence and 
cardiac infarction. (Reduced X-ray not shown.) 
Contrast with Fig. 14. 


Fic. 14.—Close-up view of right hilar region in Fig. 13(A). 
Natural size. Shows great loss of translucency and a 
blurred branching effect and also small ill-defined 
rounded opacities. 


shows severe acute pulmonary oedema the day before death, where no effusion into the pleural cavity 
wes demonstrable post mortem, and similar findings have been reported before (Roubier and 
Pl:uchu, 1933; Doniach, 1947). Fishberg (1940) says hydrothorax never occurs in pure left 
ventricular failure, White et al. (1947) seldom saw it in the absence of added failure of the right 
ventricle, and Goodrich (1948) rarely found an associated hydrothorax. Alternatively, Bedford 
(1939), though his observations were not restricted to cases of acute pulmonary oedema, found 
hydrothorax in one-quarter of his cases of left ventricular failure. Zdansky (1933, 1939) found a 
small hydrothorax quite commonly with pulmonary cedema, especially in the nephritic group, and 
Dumas (1941) even used the term acute pleural edema to describe acute pulmonary cedema with 
large hydrothorax; Roubier (1938) in a published film of an “‘ azotemic lung” from chronic 
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A B 

Fic. 16.—Mitral stenosis. Normal rhythm. Acute pulmonary cedema. (A) Dense shadowing which obscures the 
hilar vessels and part of the cardiac outline. Fainter cloudiness farther out. Apices spared. (B) Next day. 
Most of the cedema has gone. Severe hilar congestion remains. 


nephritis with uremia showed a large left hydrothorax which had entirely cleared two months later. 
It therefore seems that although a considerable hydrothorax is unusual in acute pulmonary cedema, 
it may occur in about one-sixth of cases, and especially with repeated attacks or when right heart 
failure supervenes. Small collections of fluid in the posterior costophrenic angles, invisible in the 
frontal X-ray, are more common, and the frequent thickening of the interlobar fissure on the right 
side is evidence of increased pleural transudation. 


URAMIA AND ACUTE PULMONARY CEDEMA 


The association of uremia with acute pulmonary oedema has excited interest in recent years. 
Severe uremia was present in 2 of my 10 hypertensive cases, and slight uremia in 2 more; in 3 the 
blood urea was normal and in 3 it was unknown, though 2 of these were without renal involvement 
and probably had normal levels. One patient with a high blood urea showed severe pulmonary 
cedema on the X-ray (Fig. 6) but the second did not; others with extensive radiological signs 
(Fig. 1A and 4A) had normal or but slightly elevated blood urea levels. The X-ray appearances in 
the two groups are similar, and examples of the so-called uremic lung are indistinguishable from 
pulmonary edema with a normal blood urea, left ventricular failure being the underlying cause 
in both. Zdansky (1933) thought pulmonary cedema due to renal disease differed radiologically 
from that of cardiac origin; so also did Roubier (1938) on the ground that symptoms of heart failure 
were minimal and remission of the X-ray changes accompanied diuresis and a fall in the blood urea. 
Later authors do not support this view. Rendich et al. (1941) showed that cardiac involvement 
with hypertension was always present, and on X-raying 50 uremic patients without heart failur:, 
they found none with pulmonary edema. Doniach (1947, 1949) with 11 reported cases of 
uremia and pulmonary edema and 5 more of his own (4 with necropsy control), found no 
radiological difference from uncomplicated left ventricular failure, and Hodson (1950) came to tlhe 
same conclusion. 
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A B 

Fic. 17.—Mitral stenosis in normal rhythm. (A) Acute pulmonary oedema. The density is mainly perihilar. 
Apices and costophrenic angles clear. Diaphragm not raised. Heart hardly enlarged. (B) Two days later. 
(Edema gone but hilar congestion present. Heart unchanged: cardiothoracic ratio, 46 per cent. 


MITRAL STENOSIS AND ACUTE PULMONARY CEDEMA 


The X-ray picture of acute pulmonary cedema in mitral stenosis is not as well known as that in 
left ventricular failure. The attacks are often rapid in onset and of short duration. The patient 
frequently appears moribund, so that no X-ray is taken, yet has improved dramatically by next 
day and no longer shows radiological evidence of pulmonary edema. The lung opacities do not 
differ from those seen with left ventricular failure, though they often vanish more rapidly. The 
X-ray picture is also similar to that of paroxysmal pulmonary hemorrhage shown by Oppenheimer 
and Schwartz (1933) and Schwedel (1946). Enlargement of the heart is seldom great and sometimes 
it is slight if not absent (Fig. 17). Hilar congestion is often severe, persisting after recovery from 
the attack, and the absence of much cardiac enlargement makes it more conspicuous. Acute 
pulmonary oedema is rare in long-standing congestive failure from mitral stenosis with gross left 
auricular dilatation, and I have not seen an example. 

The sex incidence and the relation to the heart rhythm are of interest: 6 of my cases had mitral 
ienosis; all were women, and all were in normal rhythm except one, aged 69, with auricular fibrilla- 
tion, in whom acute pulmonary oedema was caused by a blood transfusion (Fig. 19). In Galla- 
rdin’s (1921) series the rhythm, though not always described, was usually normal; none of 
journe’s five gravid women(1928) were stated to have an irregular pulse; and of Pezzi’s four patients 
931) two were in normal rhythm and two in auricular fibrillation. When acute pulmonary edema 
curs in mitral stenosis the rhythm is usually normal (Roesler, 1943); that it also occurs with 
ricular fibrillation is shown by Pezzi’s two cases, and by another known to me, where a man 
th auricular fibrillation (earlier electrocardiogram) coughed up a pint of pink frothy sputum during 
attack in which he was too ill to be X-rayed; he was better the next day and a film 30 hours 


er Showed little trace of pulmonary cedema, though there was severe pulmonary congestion from 
tral stenosis. 
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A B 
Fic. 18.—Mitral stenosis and normal rhythm. (A) Acute pulmonary cedema and lung infection. Extensive opacities 
on both sides but left more than right. Both apices clear. Diffuse cloudy shadows on the right, denser shadows 
on the left. Right dome of diaphragm a little raised. Pus cells in sputum. (B) Three days later after digitalis 
and chemotherapy, the opacities have disappeared but hilar congestion is still severe. 


A B 

Fic. 19.—Mitral stenosis. Auricular fibrillation. (A) Acute pulmonary cedema, five hours after the transfusion 
of two pints of blood. Great loss of translucency of both lungs. Dense rounded blotchy opacities in the middie 

of the right lung field. Considerable cardiac enlargement. (B) Next day. Lung fields bright. Opacities gone. 
Right dome of the diaphragm only slightly lower. Heart unchanged in size. 


In women with mitral stenosis, acute pulmonary cedema seems more liable to develop during 
pregnancy (Bramwell and Jones, 1944), and an attack may also be induced by the strain of labour 
(Séjourne, 1928; Fishberg, 1940). One of my patients was in the sixth month of pregnancy when 
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he attack developed, and in another though pregnancy was unsuspected at the time of the attack, 
. four-month foetus was aborted two months later. Lenégre and Minkowski (1946) published films 
of a woman with mitral stenosis taken about the sixth month, during one of several attacks of acute 
pulmonary cedema which ceased after parturition. Doniach (1948) has shown films of a patient 
of Professor McMichael with mitral stenosis during an attack of acute pulmonary edema also 
occurring about the sixth month of pregnancy. These patients had no toxemia, and acute pul- 
monary oedema may be related to the increased rate of bloodflow in the later months of pregnancy. 


SUMMARY AND CONCLUSIONS 


The radiological features of acute pulmonary cedema have been studied in 20 cases, 14 due to 
left ventricular failure and 6 to mitral stenosis. 

The X-ray film shows dense cloudy opacities spreading from the hila into the central parts of 
the lungs and into the lung bases, obscuring the hilar vessels and the lung markings. The apices 
are usually spared and the lateral costophrenic angles are often clear. The opacities are bilateral, 
but may be more extensive on one side, usually the right. 

The shadowing often takes one of two forms, either a dense cloudy or blotchy appearance, or 
less commonly, a blurred speckling or branching with a generalized loss of translucency of the lung 
fields; pinhead stippling in the outer part of the shadowing was seen in one teleradiogram and 
recurred in subsequent attacks. ; 

The changes frequently disappear quickly with treatment, once within 14 hours, but with severe 
left ventricular failure they are likely to persist longer. 

Hilar congestion is usual and remains after the lung opacities are gone, but it, too, occasionally 
disappears in time. Hydrothorax is not often seen unless there is added right ventricular failure 
or pulmonary infarction. A little fluid, hidden in the posterior costophrenic angle, is more common, 
and the interlobar fissure on the right side is frequently thickened. The right dome of the diaphragm 
is seldom greatly raised, and the superior vena cava is not usually seen dilated. 

The heart is nearly always found to be enlarged, though often less than might be expected, and 
it changes little in size or shape during the attack and with recovery. 

The rapid disappearance of the lung opacities helps to distinguish acute pulmonary oedema from 
other lung disease; in this, too, it differs from the longer persisting shadow of pulmonary infarction, 
which is also frequently unilateral with raising of the diaphragm and a hydrothorax. 

Acute pulmonary oedema in uremic patients is the result of associated left ventricular failure 
and does not seem to result from uremia without failure. 

In mitral stenosis acute pulmonary oedema occurs mostly in women and nearly always with 
normal rhythm. The lung opacities disappear rapidly with treatment so that they are often missed. 
Cardiac enlargement is frequently slight but hilar congestion tends to be severe. During the later 


months of pregnancy there seems to be an increased predisposition towards acute pulmonary edema 
in women with mitral stenosis. 
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Pulmonary stenosis has always attracted more attention than other forms of congenital heart 
disease. This was true even in the eighteenth and nineteenth centuries, when the approach to 
the whole subject was mainly anatomical, and for that reason academic. In recent years the surgical 
treatment of pulmonary stenosis has inevitably aroused further interest and has underlined the 
need for more detailed clinical and physiological studies. 

Despite this stimulus, there exists today much uncertainty about pulmonary stenosis: disagree- 
ment about nomenclature and a proper classification, ignorance of its true incidence, failure to 
appreciate the great difference between mild and severe cases, unfamiliarity with several of its 
variations, and, above all, a consistent neglect of physical signs, have all contributed to the 
confusion. 

In this paper we present 71 cases of pulmonary stenosis, occurring either as an isolated lesion 
or combined with certain other congenital cardiac defects, but excluding the tetralogy of Fallot. 
Cardiac catheterization was carried out in 55 cases, including all doubtful instances. The diagnosis 
was further confirmed at necropsy in five and at operation in ten. In all cases great emphasis was 
placed on careful history taking, detailed physical examination, and comprehensive electrocardio- 
graphy and radiography. From these studies at least five clear-cut syndromes have emerged, 
which may be diagnosed at the bedside with a high degree of accuracy. Special techniques are now 
rarely necessary for practical purposes. 


ETIOLOGY 

It is not proposed to discuss the embryology of congenital pulmonary stenosis in detail: 
this has been thoroughly reviewed by Brown in his recent monograph (1950). It has been sug- 
gested that the valvular type is the outcome of foetal endocarditis of the pulmonary cusps after 
closure of the venticular septum (Abbott, 1927). However, Gross (1941) did not accept this claim 
because of the lack of any histological evidence of previous inflammation, and because the nature 
of the endocarditis remained obscure; he suggested that the valvular deformities were due to 
maldevelopment of the arteries supplying the valves, with consequent infarction and fibrosis. 
Recently, Gregg (1941), in Australia, has reported a relationship between congenital heart disease 
in the infant and maternal rubella during the early months of pregnancy, and this has been amply 
confirmed (Swan et al., 1943; Conte et al., 1945; Miller, 1948; Grénwall and Selander, 1948; 
and Wesselhoeft, 1949). Wesselhoeft stated that the commonest lesions in such cases were patent 
ductus arteriosus and ventricular septal defect, and such anomalies indicate that congenital heart 
disease caused by the rubella virus is due to a maldevelopment rather than to inflammation. Two 
of the present series of 69 cases of congenital pulmonary stenosis could be attributed to rubella. 
This low incidence agrees with the general evidence that maternal rubella is a causal factor in only 
4to 5 per cent of all cases of congenital heart disease, although this is ten times the expected fre- 
quency if the relationship were coincidental (Conte et a/., 1945; Miller, 1948; and Campbell, 1949). 

Keith (1909) concluded that infundibular pulmonary stenosis was due to an arrest of the normal 
involution of the bulbus cordis, which should be incorporated into the right ventricle by the end 
of he second month. This has received universal agreement. 
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NOMENCLATURE 


Various terms have been used to describe the pulmonary stenosis that is not an integral part of 
the tetralogy of Fallot. It was termed “ pure” by Freed and Budnitz (1946), and by Greene et al. 
(1949); ‘isolated > by Mannheimer (1949), Hyman et al. (1951), and Maraist et al. (1951); and 
‘“* uncomplicated ” by Dow ef al. (1950). Pulmonary stenosis “* with patent foramen ovale ”’ has 
been identified as a separate syndrome and classified accordingly by Auerbach and Harper (1947) 
and by Selzer et al. (1949), whilst Adams et al. (1951) write of *“* pulmonary stenosis with or without 
interatrial communication.”” When such a communication is present, either in the form of a 
septal defect or a patency of the foramen ovale, Joly et a/. (1950), in France, employ the eponymous 
title “‘ the trilogy of Fallot.’’ Bedford and Brown (1937) and Allanby and Campbell (1949) 
wrote of ‘* pulmonary stenosis with closed interventricular septum.” The titles and classification 
now offered constitute an elaboration of the suggestions made by Wood (1950), and are presented 
in Table I. The main division serves to separate Fallot’s tetralogy and its variants from all other 


TABLE I 
CLASSIFICATION AND INCIDENCE OF PULMONARY STENOSIS 


A. € ‘-_ Pulmonary Stenosis with Normal Aortic Root (69 cases) 
. Simple pulmonary stenosis (45 cases). 

(A) Valvular (37) and (B) Infundibular (8) 

2. Pulmonary stenosis (valvular or infundibular) with arteriovenous shunt (15 cases) 
(A) Aorto-pulmonary—P.S. with patent ductus (0) 
(B) Interventricular—P.S. with V.S.D. (8) 
(C) Interatrial—P.S. with A.S.D. (7) 

3. Pulmonary stenosis (valvular or infundibular) with veno-arterial shunt (9 cases) 
(A) Interventricular—P.S. with reversed interventricular shunt (1) 
(B) Interatrial—P.S. with reversed interatrial shunt (8) 


B. Congenital Pulmonary Stenosis with Dextroposed or Riding Aorta—Fallot’s tetralogy (95 cases) 
(A) Valvular or (B) Infundibular 


C. Acquired Pulmonary Stenosis (2 cases) 
(A) From occlusive disease of pulmonary artery (1) (B) From compression of pulmonary artery (1) 


forms of pulmonary stenosis and is based on the origin of the aorta: when this is normal, the aorta 
arising entirely from the left ventricle, we may speak of pulmonary stenosis with normal aortic 
root; when the aorta arises partly from the right ventricle it is customary and convenient to use 
the title Fallot’s tetralogy (pulmonary stenosis with riding aorta). Acquired pulmonary stenosis 
forms a third main group. 

There are three main subdivisions of pulmonary stenosis with normal aortic root. The first, 
simple pulmonary stenosis, may be valvular or infundibular, and implies closed septa. If the 
foramen ovale happens to be patent (and this may be shown by cardiac catheterization) it must be 
functionless. Such patency is not academic, because it may alter the subsequent clinical course 
of the case, particularly if the stenosis is fairly severe. Indeed, there are so many differences 
between the clinical features of mild and severe cases of simple pulmonary stenosis that the severity 
should always be indicated in the diagnosis. 

The second subdivision includes the cases complicated by a direct left to right shunt through 
an atrial or ventricular septal defect (possibly through a patent ductus, although this has not yet 
been encountered in our clinic)*. In such instances the title includes the anatomical lesion present. 
Thus pulmonary valve stenosis (P.V.S.) with atrial septal defect (A.S.D.) is used to mean that blood 
is shunting through the defect in the usual direction from left to right. Similarly, infundibular 
stenosis with ventricular septal defect (V.S.D.) is used to mean pulmonary stenosis (infundibuiar) 
with normal aortic root and a left to right shunt through the defect, and not Fallot’s tetralogoy. 


* With the authors approval, the editor adds that he has recently investigated such a case by cardiac catheteriza‘ion 
where the diagnosis was made clinically in 1946. The pressure in the right ventricle was 158/10 and in the pulmonary 
artery 36/16. The O>2 saturation rose from 59 per cent in the right ventricle to 86 per cent in the pulmonary artery. 
The slight cyanosis was entirely peripheral (M.C.). 
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The third subdivision includes the cyanotic form, in which blood is shunting from right to left 
through a septal defect. Since uncomplicated septal defects give rise to arterio-venous or left 
to right shunts, a shunt in the opposite direction may properly be called reversed. The title 
pulmonary valve stenosis with reversed interatrial shunt thus means that blood is flowing from right 
‘o left atrium through a patent foramen ovale or atrial septal defect—it may be impossible to tell 
which. Pulmonary stenosis with reversed interventricular shunt behaves clinically like Fallot’s 
tetralogy, but the onset of cyanosis may be late or relatively late, and of course the aorta is not 
over-riding. 


INCIDENCE 


Up till quite recently it was often thought that pulmonary stenosis was rare except when it 
occurred as part of the tetralogy of Fallot. Morgagni (1761) described the first case, and subse- 
quently only sporadic cases have been reported. At intervals these were collected and embodied 
in treatises on congenital heart disease. Such collections were made by Farre (1814), Gintrac 
(1824), Peacock (1858), Fallot (1888), and Keith (1909). The latest was that of Maude Abbott 
(1936) who compiled a report on 1000 cases of all forms of congenital morbus cordis: in this 
series there were only 25 examples of pulmonary stenosis with normal aortic root. Greene ef al. 
(1949) were able to collect only 68 similar reported cases. 

Post-mortem statistics from various centres in the United States confirmed this seeming rarity, 
and are appended in Table II. Pulmonary stenosis with normal aortic root occurred in only 3 


TABLE II 


NECROPSY INCIDENCE OF PULMONARY STENOSIS WITH NORMAL AORTIC ROOT 





Total Necropsies 








Author Date =— acca —| Percentage 

Of Congenital Of Pulm. 

Heart Disease Stenosis 
Leech (Baltimore) as a 1935 To 5 6°6 
Dolgopol (New York) ae 1936 64 | 1-6 
McGinn and White (Boston) .. 1936 67 3 4:5 
Terplan and Sanes (Buffalo) .. 1936 21 2 9:5 
Nicholson (Washington) 1936 37 - — 
Rannels and Propst (Philadelphia) 1937 36 — — 
Szypulski (Philadelphia) : 1937 13 I 6:1 
Ingham (Mayo Clinic) ni 1938 87 | 1-1 
Gibson and Clifton (Chicago) .. 1938 105 2 1-9 
Jacobius and Moore (New York) 1938 131 6 4-6 
Clawson (Minneapolis) os 1944 141 4 2:8 
Ter 25 3-1 





per cent of 777 cases of congenital heart disease. Thus many clinicians were convinced that the 
lesion was rare. ‘ Pulmonary stenosis is a diagnosis almost certainly wrong, because of the 
rarity of this affection, which is almost non-existent ’’ (Routier and Escalle, 1943). Taussig (1947) 
ted that she had never had the opportunity of studying a proven case. 

But in 1945 Currens et al. described eleven cases, and doubted this seeming rarity; since then 
nerous series have been reported (Table III), confirming Currens’ view. Thus from 1948 to 
1951 151 additional cases have been reported, excluding 28 described by Wood (1950) which 
embodied in the present series. The exact incidence is difficult to determine, owing to the 
te dency towards selection in any large series of congenital heart cases. Wood’s (1950) figure of 
l4 per cent was based on a sufficiently unselected series to be close to the true incidence, and this 
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TABLE III 


RECENT CLINICAL REPORTS OF PULMONARY STENOSIS WITH NORMAL AORTIC ROOT 








| Cases of P.S. 
Author . Date (normal aortic root) 
Pollack et al. (Mayo Clinic) .. na i a | 1948 3 
Allanby and Campbell (London) .. me . | oe | 8 
Greene et al. (New York) te EA si .. | 1949 | 4 
Mannheimer (Stockholm) Ae si a ads 1949 3 
Dow etal. (Boston) .. ee om i ae 1950 8 
Joly et al. (Paris) _ ee as sia ib 1950 9 
Adams et al. (Minneapolis) .. sve a * 1951 | 20 
Hyman et al. (New Orleans) .. = = a | ea 3 
Maraist et al. (Baltimore) a ye re ae 1951 34 
Gotzsche et al. (Copenhagen) as - o 1951 31 





tallies fairly well with that of Adams et al. (1951), who found the deformity 20 times in 200 cases, 
and Gotzsche et al. (1951) who encountered simple pulmonary stenosis 21 times in 250 catheter- 
izations. 

MATERIAL 


The 71 cases comprising this series were seen at the National Heart Hospital, at the Brompton 
Hospital, or privately over a period of four years ending in July, 1951. Artificial selection, which 
is more or less inevitable in any specialized clinic, may have influenced the figures, and our present 
incidence of 80 cases of congenital pulmonary stenosis with normal aortic root (9 not included 
in the series), out of a total of 689 cases of congenital heart disease of all kinds, or 11°6 per cent, 
may be somewhat too high. On the other hand, the relative incidence of the various types of 
pulmonary stenosis with normal aortic root, as given in Table I, is probably accurate. 

For comparison, the number of cases of A.S.D. was 160 (23%); of V.S.D., 100 (14°5%); of 
patent ductus, 92 (13°): of coarctation of the aorta, 40 (6%); and of Fallot’s tetralogy, 95 (14%). 
There were 526 acyanotic and 163 cyanotic cases. It is believed that the figures for A.S.D. and 
V.S.D. are too high, for the diagnosis was proved by means of cardiac catheterization in only 47 
of the former and 22 of the latter. During the same period, there were 25 patients with a clinical 
diagnosis of congenital morbus cordis in whom no evidence of such a lesion was found by cardiac 
catheterization, and of these, 6 had been thought to have A.S.D., and 11 V.S.D. 

Age and Sex. The age distribution is set out in Table IV. Nearly 60 per cent were between 
six and fifteen years old. There were 30 males and 41 females. The slight preponderance of 
females was seen in every group and subgroup. 


SIMPLE PULMONARY VALVE STENOSIS (TYPE 1A) 


Of the 37 cases so classified, 19 were mild, 9 moderate, and 9 severe. It is repeated for emphasis 
that the clinical features of mild cases are very different from those of severe cases, and all shades 
between the two are seen in the moderate group. 

It must suffice at this stage to state that by mild P.V.S. is meant one in which the mean right 
ventricular pressure does not exceed 25 mm.; in severe cases the mean right ventricular pressure 
is at least 40 mm. Hg above the sternal angle. 

Symptoms. There were no symptoms of any kind in all but two of the mild and moderate cases, 
and three were notably athletic. Slight effort dyspnoea occurred in the two exceptions, but my 
not have been due to the cardiac fault, as over-solicitous parents or doctors may induce symptoms. 

All the nine severe cases had some degree of dyspneea on effort, slight in three, moderate in tv 0, 
and considerable in four. One squatted in childhood. Sternal pain occurred on exertion in 
two cases, one of which also had faintness partly related to effort; and syncope on effort occurred 
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TABLE IV 


AGE DISTRIBUTION OF PULMONARY STENOSIS WITH NORMAL AorRTIC Roor 











| | 
| O5 6-10 | 11-15 16-20 | 21-30 31-42 
Simple (valvular and in- | | | | 
fundibular) .. oe) 7 | 14 | 10 6 5 3 
With arteriovenous shunt | 0 | a a 3 | Oo 1 
With reversed interatrial | | | | 
shunt ae -| Oo | 2 | 3 0 | 3 0 
Total ..  ..| 7 | 233 | «18 9 8 4 
| | 








in a third. Nevertheless, it was remarkable, on the whole, how little incapacitated most of these 
patients were. 

Two improved greatly after bacterial endocarditis (presumptive in one and proved in the other). 
Both have been included in the four with considerable effort dyspnoea, but they have remained 
practically symptom free since their infection ten and four years ago respectively. 

Physically two patients were of slight build, while three were unusually robust: normal physique 
was therefore the rule, which agrees with the findings of Dow ef al. (1950). Like Campbell and 
Reynolds (1949) we found no evidence of intellectual impairment in this series. 

Physical Signs. Some writers seem to doubt whether simple pulmonary stenosis can be 
distinguished clinically from many other acyanotic congenital defects, in particular from patent 
ductus arteriosus (Ash et al., 1939), from V.S.D. (Mannheimer, 1949), and from A.S.D. (Dow et al., 
1950). It has been stated that such distinction is only possible by means of cardiac catheterization. 

It is difficult to understand such views, for in our experience an accurate clinical diagnosis is 
nearly always possible at the bedside, especially with the aid of electrocardiograms and skiagrams. 
It is felt that the physical signs of pulmonary stenosis cannot be sufficiently known or understood, 
and therefore they are described here in some detail. 

General Appearance. Wood (1950) has called attention to the characteristic facies of severe 
pulmonary stenosis, which he has termed “ bloated ” (Fig. 1). With less severe grades of stenosis 
this bloated or “ moon” appearance is not achieved, the face merely appearing full. There is 
no such facial configuration in mild cases. This trait has been helpful in indicating the severity 
of the lesion, but we can offer no explanation for the phenomenon. 

The difference between the central cyanosis of de Senac (1749) and the peripheral cyanosis of 
Morgagni (1761) was clearly recognized by Wardrop (1851), and is of fundamental importance. 
When cyanosis occurs in simple pulmonary stenosis it is always peripheral, never central in origin 
and neither clubbing of the extremities nor polycythemia is seen. Peripheral cyanosis, especially 
on effort, may occur in severe cases, and adds colour to the characteristic moon facies. Even so, 
it was only observed in five instances. 

The Pulse. The volume of the brachial pulse was recorded as small in ten instances, seven of 
vhich were severe or relatively severe. In any condition in which the cardiac output is diminished, 
he pulse pressure tends to be reduced as a result of compensatory peripheral vasoconstriction. 
in mild cases of pulmonary stenosis the cardiac output is normal and may rise normally on effort 

Dow et al., 1950); the pulse is therefore normal. But with severe stenosis the cardiac output 
‘ends to be low and fixed, and a small pulse is the rule. 

Jugular venous pulse. In simple pulmonary stenosis of severe degree a large a wave was almost 
onstant (Fig. 2), but it did not occur in mild cases and was seen only once in the moderate group. 
Vith care and experience it is obvious to the naked eye and its graphic registration is unnecessary. 
‘s presystolic timing is easily recognized by placing a thumb on the opposite carotid artery. When 
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Fic. 1.—Moon facies in severe pulmonary stenosis. 


very pronounced, it may be termed a “ giant a wave” or venous Corrigan (Wood, 1950). It leaps 
to the eye, towering above and dwarfing the other waves of the venous pulse, and may be felt 
as wellas seen. An associated presystolic hepatic pulse can usually be detected. 

Slight accentuation of the a wave was noted in five mild cases and one moderate case—but its 
peak was then only one or two cm. higher in the neck than the summit of v, and this may occur 
in several other conditions. Giant presystolic a waves are otherwise only seen in severe pulmonary 
hypertension and tricuspid stenosis. 

Laubry and Pezzi (1913) studied the jugular venous pulse in five cases of congenital heart 
disease, and noted that the a or auricular wave was exaggerated. They thought that this arose 
from the efforts of the right atrium to expel its contents against either an increased right ventricular 
diastolic pressure, or an obstruction at the tricuspid orifice. The latter is certainly the cause ol 
cannon waves in heart block and of large a waves in tricuspid stenosis (McKenzie, 1902). 

In four out of six of our cases of severe pulmonary stenosis with giant a waves, the right ventri- 
cular pressure at the end of diastole was measured and found to be of the order of 5 to 10 mm. Hg. 
above the sternal angle, which, of course, was also the pressure generated by atrial systole. N« 
rise of right ventricular diastolic pressure was found in mild or moderate cases. So the suggestion 
by Laubry and Pezzi (1913) that the large a wave is due to increased resistance in the right ventrick 
may well be corréct. That giant a waves are not seen in ordinary congestive heart failure does no’ 
invalidate this theory, because in heart failure the right atrium has little time to hypertrophy anc 
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Fic. 2.—Giant a waves in a right atrial pressure tracing from a case of severe 
pulmonary stenosis. 

it may also be weakened by over-distension itself. In two patients with severe pulmonary stenosis, 
transient nodal rhythm occurred while the right ventricular pressure was being recorded; in both 
the systolic pressure fell during the period of nodal rhythm (Fig. 3), although there was no appreciable 
change in heart rate. The difference was far greater than the figure obtained for atrial systole 
itself. This shows clearly that strong right atrial contraction in presystole helps the right ventricle 
to generate a high systolic pressure. This is probably an example of Starling’s law of the heart, 
strong atrial systole augmenting late diastolic distension of the right ventricle so that that 
chamber contracts more forcibly. 

The Cardiac Impulse. The normal cardiac impulse is, of course, a left ventricular systolic event. 
When the left ventricle hypertrophies, the impulse becomes more sustained, and thrusting or 
heaving in character—the choc en déme of French writers—and at the same time there may be 
visible retraction of the soft tissues between the ribs medial to it. When the right ventricle enlarges, 
it displaces the left backwards away from the anterior chest wall and comes to occupy most of the 
anterior cardiac surface. This modifies the cardiac impulse; the left ventricular thrust disappears, 
and at the apex of the heart only a tap, representing the first heart sound, can be felt. The hyper- 
trophied right ventricle causes instead a visible and palpable lift or heave in the third and fourth 
intercostal spaces between the sternal border and the mid-clavicular line (Laubry and Pezzi, 1921). 
When very pronounced, this right ventricular lift may be felt right over as far as the apex beat, 
where it may be mistaken for a left ventricular thrust. 

The degree of right ventricular hypertrophy in pulmonary stenosis depends upon the severity 
of the stenosis. In mild cases, enlargement is slight or negligible, and may be insufficient to modify 
the character of the cardiac impulse. Thus, of the 19 mild cases, a normal left ventricular cardiac 
impulse was felt in no less than twelve, and there was no right ventricular lift in nine of them. 
When the lift was present it was only slight in degree. 

n contrast, a normal left ventricular cardiac impulse could not be felt in any of the moderate or 
se\ere cases; in all but three it was replaced by the tap of the first heart sound, and in the three 
ex eptions a gross right ventricular heave extended right across from the sternal border to the apex 
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Fic. 3.—The effect of transient nodal rhythm on the right ventricular systolic pressure in a case of 
severe pulmonary stenosis with giant a waves. 


beat. The right ventricular lift was very pronounced in six of the severe, and considerable in two 
of the moderate cases. 

Pulsation in the Pulmonary Area. It is common knowledge that a raised pressure in the pul- 
monary artery or an increased blood flow through the lesser circulation may give rise to a visible 
or palpable systolic impulse over the pulmonary artery in the second left intercostal space at the 
sternal border. In pulmonary stenosis the pressure in the pulmonary artery is normal or reduced, 
and the blood flow normal or diminished. Consequently, no such pulsation is to be expected in 
this region, despite the presence of a dilated pulmonary artery; in fact, absence of pulsation over 
the pulmonary artery has proved an almost inviolate rule in congenital pulmonary stenosis. 
There was only one exception, a mild case with a thin chest wall and normal pulmonary artery 
pressure. 

The Systolic Thrill. One of the classical physical signs of pulmonary stenosis is a systolic 
thrill in the pulmonary area. Indeed, the thrill and murmur are the only physical findings recorded 
by some writers. A thrill was present in every case in this series, except two with very mild lesions. 
In two others, the thrill was very faint and was only obvious after exercise, but in the vast majority 
it was easily felt; indeed, the clinical diagnosis of pulmonary stenosis with normal aortic root !s 
hardly tenable in its absence. The thrill was usually best appreciated high up over the pulmonary 
artery in the second left intercostal space at the sternal border, but in four cases it was equally 
intense in the third space, and in two others it was distinctly low, being maximal in the third and 
fourth spaces. In one of these, simple tight valve stenosis was proved by catheterization, operation, 
and necropsy; in the other by catheterization only. As will be seen later, a really low thrill usua'|ly 
means infundibular stenosis or associated V.S.D. 

The intensity of the thrill appeared to bear some relationship to the severity of the lesion, «ll 
those with faint thrills (5 cases) having mild stenosis, and the four with especially gross thri!ls 
having severe (3) or moderate (1) stenosis. Conversely, all the 18 severe and moderate cases b.id 
well marked thrills. 

The Murmur of Pulmonary Stenosis. There has been no case of pulmonary stenosis record:d 
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without a systolic murmur in the pulmonary area. It is commonly described as loud or harsh; 
it is usually maximal in the second space to the left of the sternum, but may be widely distributed 
when loud. Some observers have emphasized that it is not well heard in the neck, and in general 
this has been our experience. 

Dow et al. (1950) studied the phonocardiogram in three of their cases of pulmonary stenosis, 
and reported that the murmur was diamond-shaped, although this feature was neither uniform nor 
pathognomonic. Leatham (1951) has shown that the murmur of aortic stenosis has this character- 
istic, and it would not be remarkable if the two murmurs were similar in this respect. 

A pulmonary diastolic murmur was heard in only one case in this series, and that after bacterial 
endocarditis. However, a pulmonary diastolic murmur was recorded in a case of pulmonary 
stenosis by Dow et al. (1950), and also by Hyman ef a/. (1951): the first of these was very mild 
and complicated by V.S.D.; the second was not proved. In our experience a pulmonary diastolic 
murmur invalidates the diagnosis of uncomplicated pulmonary stenosis, and strongly favours 
A.S.D., pulmonary hypertension, or idiopathic dilatation of the pulmonary artery. 

The Heart Sounds. Physical examination is completed by careful auscultation of the heart 
sounds. Presystolic gallop is not uncommon in severe cases, the auricular sound presumably 
arising from the right side of the heart. Laubry and Pezzi (1921) emphasized that this auricular 
sound is well heard over the neck veins. 

There was nothing remarkable about the first heart sound in any of our cases. It was neither 
unduly split nor accentuated, even in severe cases. This harmonizes with the current belief that 
the intensity of the first sound depends far more upon the position of the mitral and tricuspid 
leaflets at the onset of ventricular systole, than upon the strength of ventricular contraction. It 
has already been shown that powerful atrial contraction raises the right ventricular end diastolic 
pressure to an unusual degree in severe pulmonary stenosis, and if atrial relaxation precedes ven- 
tricular systole, the tricuspid valve must close before the first heart sound. 

There is still some confusion about the second heart sound in pulmonary stenosis. Bedford 
and Brown (1937) concluded that it was usually diminished and this was confirmed by Love (1937) 
and by Hyman ef al. (1951). Dow et al. (1950) reported on the * pulmonary second sound ” 
in six of their eight cases. It was increased in three, and of normal intensity in the other three. 
From a study of the reported cases and of two of their own with reversed interatrial shunts, Selzer 
et al. (1949) thought that the intensity of the “‘ pulmonary second sound ”’ was of limited diagnostic 
value. Gotzsche et al. (1951) found the “ second pulmonic sound was usually stronger than the 
second aortic sound . . . thus a faint pulmonic second sound is not the rule.” 

These discordant views have arisen from failure to appreciate the normal character and con- 
stitution of the second heart sound, with consequent lack of precision in describing what is actually 
heard in pulmonary stenosis. The second heart sound is caused by closure of the aortic and 
pulmonary valves, and it has been known for at least a century that these may close asynchronously 
and give rise to splitting of this sound. Such splitting is normal, and occurs in about 90 per cent 
of children and young adults in perfect health, and can be heard best in the pulmonary area. 

Respiration modifies the degree of splitting, which becomes appreciably wider on deep inspiration. 
Samuel Gee (1893) credits Schafer (1859) with this original observation. 

The phonocardiogram affords presumptive evidence that the second element of this split is 
caused by pulmonary valve closure in most, if not in all, cases (Leatham, 1951). In right bundle 
branch block there is delayed activation of the right ventricle, and consequently the second sound 
becomes more widely split. It has become customary to classify splitting of the second sound 
into four grades according to the width of the split—the widest being in grade four. Normal 

plitting is grade one or two. In the neck, in the second right intercostal space, and at the apex 
eat, only a single second heart sound, the aortic, can normally be heard. 

With application and experience, the intensity of each of the two components of the second 

eart sound in the pulmonary area can be assessed. They are normally of equal intensity, but 
ith hypertension in the lesser circulation the second or pulmonary element is accentuated, and 
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with pulmonary hypotension it is diminished or inaudible. There is also some evidence that a 
high pulmonary diastolic pressure tends to cause relatively early closure of the pulmonary valve 
so that the split is close (grade 1); and that a low pulmonary diastolic pressure delays pulmonary 
valve closure, so that the split (if heard at all) may be wide (grade 3). 

The behaviour of the second heart sound in pulmonary stenosis tallies with these general 
principles. All the severe and moderate cases had single second heart sounds at the pulmonary 
area. The intensity of this sound, which is aortic, is irrelevant. Of the 19 mild cases, only seven 
had a single second heart sound; in the other twelve the sound was obviously split (grade 2), 
widely so (grade 3) in two instances. The second or pulmonary element was of normal intensity 
in six (Fig. 4), and unduly soft in six. 
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Fic. 4.—Phonocardiogram from a case of mild pulmonary stenosis 
showing a split second heart sound at the pulmonary area and a 
pulmonary element of normal intensity in relation to the aortic. 
(From the Cardiac Dept. of the London Hospital). 


X-Ray Appearances. There are three important radiological features of pulmonary stenosis: 
post-stenotic dilatation of the main pulmonary artery; diminution in the pulmonary vascula: 
markings; and enlargement of the right heart. 

All workers are unanimous that post-stenotic dilatation of the pulmonary artery is a very con- 
stant feature of simple P.V.S., and there were no exceptions in our series. This dilatation affects 
the pulmonary trunk, and occasionally its right and left branches, but is not distributed furthe~ 
down the vascular tree (Fig. 5). In rare instances it is aneurysmal, and in one of Seltzer’s reportec! 
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Fic. 5.—Dilated pulmonary trunk and normal vascular 
markings in a case of mild pulmonary valve stenosis. 


cases (1949), it was mistaken for alungtumour. Only one of our patients had aneurysmal dilatation 
of the pulmonary artery, and in him both main branches were also involved. ° 

In our series there was no correlation between the degree of dilatation of the pulmonary artery 
and the severity of the stenosis. Dilatation was usually slight or moderate, and rarely reached the 
extreme proportions sometimes encountered in A.S.D., V.S.D., and patent ductus. Pulsation 
appeared to be normal, and a hilar “* dance ” was never seen. 


According to Bedford and Brown (1937), post-stenotic dilatation of the pulmonary artery was first 
described radiologically by Usumoto (1925), though noted at necropsy many years previously. There has 
been much speculation concerning its origin. Paul (1871) collected 27 reported cases of acquired pulmonary 
stenosis, and maintained that the pulmonary artery was then involved in the same inflammatory process as 
the valve; if congenital pulmonary stenosis was due to valvulitis in utero, associated pulmonary arteritis 
could be assumed. Potain and Rendu (1875) agreed, and thought that endarteritis caused a loss in elasticity 
of the pulmonary artery with subsequent dilatation. Against this was a considerable body of opinion which 
invoked a distinct congenital defect in the wall of the vessel. However, in 1915 Cavina produced pulmonary 
stenosis experimentally in rabbits by ligating the pulmonary artery at its source, and he reported that 
dilatation of the pulmonary artery distal to the stricture occurred consistently in all animals that survived. 
It seems probable, therefore, that the dilatation is a natural mechanical outcome of the stenosis. 


The vascular shadows in the lungs are a direct expression of the amount of blood held in various 
parts of the pulmonary circulation. In severe P.V.S. pulmonary blood flow is strictly limited and 
nay be below normal even at rest; the vascular markings are then reduced in number and size 
(Fig. 6). Pulmonary ischemia of this kind was seen in all our severe cases, and in three of our 
moderate cases. Because of the restricted left ventricular output, and the dilated pulmonary 
artery, the aorta appears relatively small. It must be stressed, however, that with mild pulmonary 
tenosis, there is little or no reduction in pulmonary blood flow, and the vascular markings in the 
ungs remain normal (Fig. 5). Thus pulmonary ischemia was seen in none of our mild cases. 

Finally, in moderate and severe pulmonary stenosis enlargement of both the right atrium and 
ight ventricle becomes apparent radiologically (Fig. 6); this is not seen in mild cases. Like 
8rock and Campbell (1950) we find that the aortic arch is left-sided in simple pulmonary stenosis. 


530 ABRAHAMS AND WOOD 





1d 


Fic. 6.—Dilated pulmonary trunk, pulmonary ischemia, 
and enlargement of the right atrium and ventricle in a 
case of severe pulmonary valve stenosis. 


- The Electrocardiogram 

In simple pulmonary stenosis this records all degrees of right ventricular hypertrophy, and in the very 
mild cases it is entirely normal. It is important to distinguish right ventricular hypertrophy from righi 
axis deviation—the latter term of course simply describes the electrical position of the heart. Geotzsche et al. 
(1951) reported right axis deviation in only 11 of their 21 cases, and stated that otherwise the cardiogram 
was normal. Right axis deviation occurred in every one of our series. 

In the present analysis (Table V) cardiographic evidence of right ventricular hypertrophy was divided 
into four grades, according to unipolar chest lead appearances (Fig. 7). 

(1) Slight: R and S about equal in amplitude in lead V1. 

(2) Moderate: R dominant in lead V1, but S still present. 

(3) Severe: R wave tall in lead V1, S. small or absent, and T usually inverted. 

(4) Similar to grade 3, but appearances extending across the chest to at least lead V3, usually to V4 or 
even to VS. 

It will be seen from Table V that normal curves only occurred in mild cases, and that grade 4 right 
ventricular hypertrophy occurred only in severe cases. Similarly, the P wave was normal in all but one 
of the mild cases, and the well developed P pulmonale was almost confined to severe cases. A pointed P 
wave measuring about 2 mm. in amplitude, and moderate to considerable right ventricular preponderance, 
were characteristic of cases in the moderate group. 

Right bundle branch block was recorded by Blackford and Parker (1941) in a case of simple pulmonary 
stenosis, and an incomplete right branch block pattern, QRS never exceeding 0-10 sec., was seen in seven 
cases in the present series (19°,). Barber et al. (1950) reported its occurrence in 95 per cent of cases of atrial 
septal defect, an incidence amply confirmed by subsequent cases investigated at this Institute. The presence 
or absence of the right branch block pattern is therefore helpful in differential diagnosis, but is not con- 
clusive. 


Summary of Clinical Features 


The mildest cases of simple pulmonary valve stenosis have no symptoms, are capable of heavy 
physical effort, and look healthy. The peripheral pulse and jugular venous pressure are normal. 
The cardiac impulse is normal and left ventricular in‘ type. There is a high systolic murmur 
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TABLE V 


ELECTROCARDIOGRAPHIC ANALYSIS OF SIMPLE PULMONARY STENOSIS 






























































































































| Mild Moderate Severe 
(19 cases) | (9 cases) (9 cases) 
Normal P waves , a 18 5 3 
Pointed P waves (2 mm. high) | 0 4 2 
P pulmonale (2:5 to 4 mm. —_— I 0 4 
Normal QRS a 8 0 0 
Grade 1, R.V. dominant 2 2 0 
Grade 2 R.V. dominant ye 2 0 
Grade 3, R.V. dominant 1 > 2 
Grade 4, R.V. dominant 0 0 | 6 
Right B.B.BI. 6 0 | 
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Fic. 7.—Chest lead electrocardiograms (V1 to V6) from five cases of simple pulmonary valve stenosis show- 
ing increasing grades of right ventricular preponderance from none (A) to grade 4 (E). 


and thrill over the pulmonary artery maximal in the second left intercostal space. The second 
heart sound at the pulmonary area is normally split, and the second or pulmonary element is 
©? normal intensity. X-rays show no cardiac enlargement, and normal pulmonary vascular 
siiadows, but the pulmonary trunk itself is dilated. The electrocardiogram is usually normal. 
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In slightly less mild cases the cardiac impulse becomes tapping at the apex beat, and a righ! 
ventricular parasternal lift develops. Pulmonary artery pulsation is impalpable. The secon 
heart sound may still be split, but the pulmonary element is softer. The electrocardiogran 
shows evidence of right ventricular hypertrophy (grades 1 or 2). 

In cases of moderate severity, the face may look full, the radial pulse is a little small, and ; 
dominant a wave appears in the neck. The parasternal lift is more conspicuous, and the secon 
heart sound is single. X-rays may show slight enlargement of the right side of the heart, and th« 
pulmonary vascular markings may be rather light. The electrocardiogram usually shows a 
pointed P wave about 2 mm. high, and right ventricular dominance is moderate or considerable. 

Severe cases have some degree of effort intolerance, and may complain of dyspnea, pain, o1 
faintness. The face is often bloated and there may be peripheral cyanosis. The radial pulse is 
small, a giant a wave appears in the neck, and the liver may pulsate in presystole. The right 
ventricular parasternal lift is very impressive and may extend unusually far to the left. The second 
heart sound is always single. X-rays show considerable enlargement of the right atrium and 
ventricle, and there is obvious pulmonary ischemia. The electrocardiogram shows a well developed 
P pulmonale and evidence of considerable or gross right ventricular preponderance. 

The only findings in common between mild and severe cases are the systolic thrill and murmur, 
and the dilated pulmonary artery. 


Differential Diagnosis 

Although properly trained observers have made few mistakes in the clinical diagnosis of simple 
pulmonary stenosis, the general tendency has been otherwise. The commonest error has been to mistake 
pulmonary stenosis for the maladie de Roger or for A.S.D. There are several reasons for this. First 
is the failure to appreciate that simple pulmonary stenosis may be a very mild lesion, with little or no evidence 
of right ventricular hypertrophy, clinically or electrocardiographically. Second is the ignorance surrounding 
the nature and behaviour of the second heart sound, especially perhaps of the fact that normal splitting is 
the rule in mild stenosis. Third is the mistaken view that the lesion is rare, so that the diagnosis is too 
often made with reluctance—a view exaggerated by the persistent belief that a small V.S.D. (maladie de 
Roger) is the commonest form of acyanotic congenital heart disease. Such a defect is rare indeed (Wood, 
1950), most cases of V.S.D. resulting in sufficient shunt to cause a hyperdynamic left ventricle and obvious 
pulmonary plethora. The rare mild case, with nothing but a low thrill and murmur may be confused 
with mild infundibular stenosis (vide infra), but the low position of the thrill, and the absence of dilatation 
of the pulmonary artery, together exclude pulmonary valve stenosis. 

Atrial septal defect may be suggested by the combination of a right-sided lesion, splitting of the second 
heart sound, and dilatation of the pulmonary artery. But in A.S.D. the cardiac impulse though right 
ventricular in type, is more tumultuous or hyperdynamic due to overfilling of the right ventricle; the second 
heart sound in the pulmonary area is more widely split, and the pulmonary component is normal or accen- 
tuated, never absent or soft; a pulmonary diastolic murmur or an apparent mitral diastolic murmur may be 
heard; pulmonary plethora is always seen radiologically, and pulsation extends well down the main 
branches; and right bundle branch block is almost constant. Finally, it is being gradually realized that a 
pulmonary systolic thrill is not at all common in uncomplicated A.S.D., and should at once suggest 
pulmonary stenosis, alone or associated with A.S.D. 


Idiopathic dilatation of the pulmonary artery has occasionally been confused with simple pulmonary 
stenosis. This was first described by Cossio (1937) and since then has been studied in some detail, especial 
by French workers. The proof that other lesions, known to cause enlargement of the pulmonary artery 
were absent in these cases, was not always forthcoming; it is possible that some were in fact examples o! 
pulmonary stenosis or A.S.D. Greene et al. (1949) have recently reported four examples of this lesion 
and consider that the diagnosis can only be made by means of cardiac catheterization; they state that the 
pulmonary artery pressure is low, but that in the right ventricle the pressure is normal, in contrast to the 
raised pressure in pulmonary stenosis. Necropsy proof of the absence of stenosis in such cases would be 
more convincing. 

We have had the opportunity of studying two cases of gross idiopathic dilatation of the pulmonar: 
artery with pulmonary incompetence; the pressures in the pulmonary artery and right ventricle were entirely 
normal in both. 
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Real difficulty is sometimes experienced when a normal subject presents with a pulmonary systolic 
nurmur and apparent dilatation of that vessel (Fig. 8). The absence of a thrill, even after exercise, prevents 
srror. Normal pressures in the pulmonary artery and right ventricle, and no intracardiac shunt, were found 
mn cardiac catheterization in seven such cases. 





Fic. 8.—Dilatation of the pulmonary artery in a normal subject. 


PHYSIOLOGICAL STUDIES IN P.V.S, 


Cardiac catheterization was carried out in 26 of the 37 cases of simple P.V.S.; in the other 11 
the diagnosis was obvious, and for a variety of reasons the investigation was omitted or deferred. 
Al! doubtful cases, and all those in which expert opinion as to diagnosis differed, were either 
catheterized or excluded from the series. Pressures were recorded by means of a saline manometer 
in the earlier, and by means of a Sanborn electrical manometer and direct writing polyviso in later 
cases. The findings may be very simply expressed (Table VI). 

(1) The systolic and mean pressures in the right ventricle were always much higher than those 
in the pulmonary artery. 

(2) In mild cases the right atrial pressure was normal, the right ventricular systolic pressure 
30 to 50 mm. Hg (mean, 11 to 25 mm.), and the mean pulmonary artery pressure 5 to 11 mm. 
The mean right ventricular pressure was consistently two to three times the mean pulmonary 
artery pressure. 

(3) In moderate cases the right atrial pressure was usually normal, but the a wave in the pressure 
tracing was sometimes accentuated (around 5 mm. Hg.). The right ventricular systolic pressure 
wa: 51 to 100 with a mean pressure between 26 and 40 mm. Hg. The mean pulmonary artery 
pressure was 5 to 10 mm,,. being three to five times lower than the mean right ventricular pressure. 
In the severe cases the right atrial systolic pressure usually measured about 10 mm., the tracing 
M 
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TABLE VI 


FINDINGS ON CARDIAC CATHETERIZATION 








Right Pulmonary 
Right Ventricular Artery 
Atrial Pressure Pressure 
Pressure (mm. Hg) (mm. Hg) 
(mm. Hg) SSS a ae See ee 
sys/dias. Mean Mean 
MILD 
(16 cases) a Si a normal | 30-50 11-25 5-11 
0 
MODERATE 
(3 cases) os -3 — normal 51-100 26-40 5-10 
(a wave up to 5 mm.) 0 
SEVERE 
(7 cases) 9-16 125-175* over 2-10 
—5 to +6 0-11 40 


| (mainly giant a wave) | 





* Over 100 usually higher than systemic pressure. 


showing characteristic giant a waves (Fig. 2). The right ventricular systolic pressure ranged between 
125 and 175 mm. Hg, and was usually higher than the systemic blood pressure. The mean right 
ventricular pressure ranged between 44 and 67 mm., and was always at least five times higher 
than the mean pressure in the pulmonary artery, which lay between 2 and 10 mm. A typical 
tracing is shown in Fig. 9. 

No difficulty was experienced in entering the pulmonary artery in these cases, but a small 
catheter (No. 6) was used in the most severe cases, in fear that a larger one might obstruct the 
circulation at the valve orifice. In fact, no change in the patient’s condition was ever noticed as 
the catheter passed through the valve. 

The catheter passed through a probe-patent foramen ovale in three of these acyanotic cases, 
and samples from both sides of the heart revealed no shunt in either direction. The left atria! 
pressure was 2 or 3 mm. higher than the right, so the flap-valve would remain shut. Only when 
the stenosis is severe enough to raise the right and lower the left atrial pressure is a reversed inter- 
atrial shunt possible. This is discussed later under that heading. 
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Fic. 9.—Pressure tracings from the pulmonary artery, right ventricle, and right atrium in a case of severe 
pulmonary valve stenosis. 
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The cardiac output at rest was normal in mild and moderate cases, but was rather low (3 to 4 
| /min.) in all the severe cases. The arterio-venous oxygen difference provided a sharper distinction 
between mild and severe cases, for it ranged between 21 and 50 ml./L. (average 36) in the mild 
group and between 53 and 83 (average 66) in the severe group. Dow et al. (1950) have shown 
that the output may also rise normally on effort in mild cases, but may be fixed in severe cases; 
a considerable rise in right ventricular systolic pressure is associated with any increase or attempted 
increase in output. 

The arterial oxygen saturation was normal (93 to 96%) in all cases, including the most severe, 
and including three cases in which the catheter passed through a valvular patency of the foramen 
ovale. Haldane’s method was used for all gas analysis. 


SIMPLE INFUNDIBULAR STENOSIS (TYPE 1B) 


In this condition there is some interference with the normal process whereby the bulbus cordis is 
incorporated into the right ventricle. Consequently this structure persists as a separate chamber divided 
from the body of the right ventricle by a fibrous ring which obstructs the outflow tract of the right ventricle. 
The pulmonary valve may be normal or it may also be stenosed. 

Infundibular stenosis is believed to be rare, except as part of Fallot’s tetralogy. Single cases have been 
described by Lafitte (1892), by Lev and Strauss (1942), and by Dow er al. (1950). Three of the eight de- 
scribed here have already been reported briefly by Wood (1950). The diagnosis in six of these cases rests 
on the findings at cardiac catheterization, and has been confirmed subsequently in one at operation and in 
one at necropsy. Two others are included solely on clinical grounds. 

Symptomatically and functionally, infundibular stenosis does not differ from valvular stenosis. Three 
of our cases were mild, three moderate, and two severe. The chief difference in the physical signs between 
the two types of stenosis lay in the site of the thrilland murmur. In infundibular stenosis these were located 
lower than in valvular stenosis and over a wider area. Thus the thrill was easily felt as low as the fourth 
space in seven of the cases, though it was usually maximal in the third space, and also appreciable in the 
second space. The thrill was localized in the second space in only one instance, and in the fourth space in 
only one. When the stenosis was exceptionally low, the left parasternal lift over the right ventricle did not 
occur, even in our most severe case (proved at operation). 

The cardiograms in these eight cases correlated with the rest of the findings, and showed the same 
variation from normality to gross right ventricular preponderance that was described in the valvular group. 

A consistent difference between valvular and infundibular stenosis was seen radiologically, for the 
characteristic post-stenotic dilatation of the pulmonary artery which was so constant in valvular stenosis 
was not observed (Fig. 10). In one case a separate infundibular chamber was outlined by means of 
angiocardiography and the diagnosis was proved subsequently at operation. 

Cardiac catheterization revealed three different pressure zones, the diastolic pressure in the infundibular 
chamber being lower than that in the pulmonary artery, and the systolic pressure in the infundibular chamber 
being far lower than that in the body of the right ventricle. When mean pressures were recorded the 
lowest was in the infundibular chamber. In one case the pressure in the infundibulum was intermediary 
(15 mm.) between the low pulmonary artery pressure (7 mm.), and the raised right ventricular pressure 
(2i mm.) Hg.: this case is believed to have both valvular and infundibular stenosis. Pressure changes 
from one zone to another were nearly always abrupt, and it was usually easy to tell fluoroscopically where 
the tip of the catheter lay. The abrupt change from infundibular to right ventricular pressure was always 
much below valve level, in one case so low that only two right ventricular beats were recorded before the tip 
of the catheter flicked out into the right atrium. For this reason the catheter should be withdrawn particu- 
larly slowly in suspected infundibular stenosis, or a tracing from the body of the right ventricle may not be 
recorded at all. 

The actual pressures in the six cases catheterized fitted into the same three groups described for valve 
Stenosis, and harmonized with the clinical assessment of severity. 

Summary of the Special Features of Infundibular Stenosis. The general pattern is similar to valve stenosis 
except in four important respects: (1) the thrill is consistently lower; (2) the pulmonary artery is not 
dilated; (3) there may be no right ventricular parasternal lift if the stenosis is exceptionally low; and 
(4) cardiac catheterization may reveal three different pressure zones, the lowest in the infundibulum, and 
proper right ventricular pulsation does not appear until the catheter tip is well below valve level. 
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Fic. 10.—Simple infundibular stenosis showing Fic. 11.—Pulmonary stenosis and ventricular septal 
no dilatation of the pulmonary artery. defect with direct left to right shunt. 


PULMONARY STENOSIS WITH ARTERIOVENOUS SHUNT (GROUP 2) 


The stenosis may be valvular or infundibular, and the left to right shunt may be aorto-pulmonary 
through a patent ductus, interventricular through a ventricular septal defect, or interatrial. No 
case of patent ductus and pulmonary stenosis (Type 2A) has been encountered in this series; it 
appears to be a very rare combination and will not be further discussed. 


PULMONARY STENOSIS WITH VENTRICULAR SEPTAL DEFECT (TYPE 2B.) 


There were eight cases in which pulmonary stenosis was found in combination with a V.S.D., 
through which blood was shunting in the usual direction from left to right ventricle. In four 
the stenosis was of moderate severity and dominated the clinical picture; in four it was mild, 
and the features of V.S.D. were more in evidence. The stenosis was valvular in six of the cases, 
infundibular in one, and both valvular and infundibular in one. 

Clinical Features. On examination the first point of interest was the cardiac impulse, for this 
was either tapping as in simple pulmonary stenosis, or hyperdynamic and left ventricular in quality 
as in V.S.D. Pulmonary artery pulsation could not be felt in a single instance. The position of 
the maximum thrill and murmur was low in all cases, and tended to be widespread as in infundibular 
stenosis. The second heart sound varied greatly. In four it was single, in two rather closely 
split, in one (with right branch block) widely split, and in one it was too obscured by the murmur to 
analyse. 

The electrocardiogram was normal in one case, showed left ventricular preponderance in two, 
right ventricular dominance of mild grade in three, and right bundle branch block in two. The P 
wave was normal in all. 

X-rays showed dilatation of the pulmonary artery, except in the two with infundibular stenosis 
and in one other. Slight pulmonary plethora was seen in five, but the peripheral vascular markinzs 
in the lungs looked normal in the other three (Fig. 11). 

It will be appreciated that there are a sufficient number of variables in the physical signs, 
cardiogram, and X-ray to make it probable that in any given case a pattern will emerge that tends 
to be incompatible with either infundibular stenosis or V.S.D. alone. Simple pulmonary valve 
stenosis is virtually excluded by the low and widespread thrill. 
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Physiological Studies. Catheterization demonstrated the presence of a left-to-right inter- 
entricular shunt of mild degree, and a pressure in the pulmonary artery significantly lower than 
(hat in the right ventricle (Table VII). In one instance the stenosis was infundibular in type, with 
«a large separate chamber (Case 5). In another (Case 7) both valvular and infundibular stenosis 
appeared to co-exist. The arterial oxygen saturation was not measured in most of the cases, 
because they were obviously acyanotic, 95 per cent saturation being assumed. But doubt was 
raised in two instances, and in these it was 94 and 93 per cent (Cases 1 and 6). 


TABLE VII 
PHYSIOLOGICAL STUDIES IN PULMONARY STENOSIS PLUS VENTRICULAR SEPTAL DEFECT 





Mean pressure, mm. Hg. Ratio of pulmonary 


Oxygen saturation per cent | 
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PULMONARY STENOSIS WITH REVERSED INTERVENTRICULAR SHUNT (TYPE 3A) 


There can be little doubt that with severe pulmonary stenosis with normal aortic root and 
V.S.D., a reversed interventricular shunt may occur. The situation is then clinically and function- 
ally indistinguishable from Fallot’s tetralogy. 


Only one such case has been included in the present series because the diagnosis is difficult to establish 
without necropsy proof. The diagnosis was made in life in another patient with infundibular stenosis who 
had an arterial oxygen saturation of 91 per cent and an apparent left to right interventricular shunt when 
first investigated, and later became intensely cyanosed; but necropsy revealed typical Fallot’s tetralogy. 

The only case we feel at all sure of was that of a girl of 11 with Grade 2 effort dyspnoea. She had never 
been blue, even on effort, and her arterial oxygen saturation was normally 97 per cent. She had a small 
peripheral pulse, a blood pressure of 100/75, normal jugular venous pressure and pulse, tapping apex beat, 
parasternal lift, absent pulmonary artery pulse, widespread systolic thrill and murmur maximal in the 
third intercostal space, a single second heart sound, a pointed P wave 2 mm. high, grade 3 right ventricular 
preponderance, no dilatation of the pulmonary artery, and normal pulmonary vascular markings. A 
confident diagnosis of simple infundibular stenosis was made. 

On cardiac catheterization both the aorta (Fig. 12) and the pulmonary artery were entered from the 
rizht ventricle. The pulmonary artery pressure was low (5 mm.); the aortic pressure was 70/48, the right 
ventricular pressure below the infundibulum 70/0, and the right atrial pressure 6/—2 mm. (Fig. 13). 
A'rial systole generated a pressure of 6mm. Samples in close temporal relationship from the aorta and right 
sudclavian artery were 65 and 72 per cent saturated with oxygen, and from the right ventricle 55 per cent. 
Esrlier samples from the pulmonary artery, right atrium and S.V.C. were 72, 72, and 64 per cent saturated 
respectively. Temporary reversal of the shunt was attributed to a transient fall of systemic blood pressure, 
the child complaining of a little light-headedness at the time. 


PULMONARY STENOSIS WITH ATRIAL SEPTAL DEFECT (TYPE 2C) 


In A.S.D. the direction of the blood flow between the two atria is determined by the pressure 
reiationship between them. In an uncomplicated case, since the pressure in the left atrium is higher 
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Fic. 12.—Pulmonary stenosis with normal aortic root and with ventricular septal defect and transient reversal of 
shunt: (A) Teleradiogram; (B) The catheter has entered the aorta through a ventricular septal defect. 
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Fic. 13.—Pressure tracings obtained from the aorta, pulmonary artery, right ventricle, and right atrium in a case of 
pulmonary stenosis with normal aortic root and reversed interventricular shunt. The aortic and right ventricwlar 
systolic pressures are identical. Case shown in Fig. 12. The upper 100 on each side in the Figure should be 75 
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than that in the right, the shunt is from left to right. Pulmonary stenosis, however, may raise 
the pressure in the right atrium and lower it in the left, and under these circumstances the shunt 
may be reversed. To effect these necessary pressure changes the stenosis must be severe. But in 
mild or moderate cases of pulmonary stenosis the shunt is in the ordinary direction, from left to 
right. There were seven such cases in the present series, five of which were proved by means of 
cardiac catheterization. Pulmonary stenosis was mild or relatively mild in all seven, was valvular 
in type, and was not suspected clinically in two of the patients. The clinical features were deter- 
mined largely by the more significant lesion: this was A.S.D. in four, and pulmonary stenosis in 
three cases. The importance of the combination lies in the potential reversibility of the shunt, 
and in the hazard of bacterial endocarditis which would not be expected in uncomplicated A.S.D. 

The most important physical sign of pulmonary stenosis, which occurred in all seven cases, 
was an impressive systolic thrill over the pulmonary area. In a comparable series of 40 cases of 
proved uncomplicated A.S.D., a pulmonary systolic thrill was felt in ten (25%). The presence of 
a thrill is therefore suggestive, but not conclusive. It favours pulmonary stenosis as right bundle 
branch block favours A.S.D. A second point is the behaviour of the second heart sound. This 
was widely split (grade 3) in only one of the seven cases: in three it appeared normally split (grade 2), 
in two rather closely split, and in one it was single. In two of those with split second sounds, the 
pulmonary element was distincly soft. 

The electrocardiogram was usually consistent with uncomplicated A.S.D., but the presence of 
a fairly well developed P pulmonale in one instance, and of exceptionally tall secondary R waves 
in lead V1 in two cases, suggested associated pulmonary hypertension or stenosis, and the second 
heart sound excluded hypertension. 

The X-ray appearances were consistent with uncomplicated A.S.D. in all seven cases (Fig. 14). 
The presence of pulmonary plethora was helpful in the three with an absent or diminished pulmonary 
element of the second heart sound, because associated A.S.D. could not otherwise have been 
diagnosed at the bedside. 

The results of cardiac catheterization are given in detail in Table VIII. The slightly reduced 
oxygen saturation in some of the left atrial and brachial artery samples does not mean temporary 





Fic. 14.—Pulmonary stenosis and atrial septal defect with 
direct left to right shunt. 
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TABLE VIII 


PHYSIOLOGICAL STUDIES OF FivE CASES OF PULMONARY STENOSIS PLUS ATRIAL SEPTAL DEFECT 
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| Mean Pressures, 
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reversal of the shunt, because parallel observations on pulmonary venous samples in many un- 
complicated cases of A.S.D. investigated at the Institute of Cardiology have shown comparable 
reduction. The phenomenon may be attributed to slight pulmonary difficulty in fully oxygenating 
the spate of blood hurrying through a widely dilated pulmonary vascular bed. 


PULMONARY STENOSIS WITH REVERSED INTERATRIAL SHUNT (TYPE 3 B) 


When there is a right-to-left interatrial shunt in cases of pulmonary stenosis it is usually im- 
possible to tell whether this occurs through an atrial septal defect or a patent foramen ovale. The 
only way such a distinction could be made in life would be if previous catheterization had demon- 
strated a left-to-right interatrial shunt or the presence of a functionless patent foramen ovale. 


The foramen ovale is usually completely closed by the end of the first year of life, but sometimes not 
till much later. According to Patten (1931) about 25 per cent of normal adult hearts show probe patency 
of the foramen ovale, and this incidence decreases with age; in the first two decades of life, the foramen 
ovale remained pervious in about 35 per cent, while this figure was reduced to about 22 per cent over the 
age of forty. Patten emphasized that simple probe patency should be distinguished from those abnormal 
conditions in which the foramen ovale remains inadequately guarded, this occurring in about 1 per cent of 
subjects that are otherwise normal. 

With mild pulmonary stenosis, there is no derangement of the usual pressure relationship between 
the two atria. The left atrial pressure is higher than the right, and a probe patent foramen ovale remains 
functionally closed. Three examples were discovered in this series, the catheter passing through the foramen 
ovale into the left side of the heart. Blood samples from the left atrium and from the brachial artery were 
normally saturated with oxygen. The future history of these three patients will be interesting, because 
the stenosis is severe in two of them, and moderate in the third, and a reversed interatrial shunt may well 
develop in due course. Probe patency of the foramen ovale was also discovered in three patients with 
Fallot’s tetralogy: samples from the left atrium were obtained in two of these and proved to be 90 and 
95 per cent saturated with oxygen; in the third the sample was probably inadvertently taken from the left 
ventricle because it was the same as the sample taken deliberately from that chamber (84°, saturated). 


It is clear that pulmonary stenosis must be truly severe to cause a reversed interatrial shunt in 
patients who happen to have a patent foramen ovale. It is also clear that patients with Fallot’s 
tetralogy and probe patent foramen ovale are unlikely to develop a reversed interatrial shunt. 
because the pressure in the right side of the heart, at rest or on effort, does not rise high enough. 
It has already been demonstrated that patients with relatively mild pulmonary stenosis and A.S.D. 
have a direct left-to-right interatrial shunt. Pulmonary stenosis with reversed interatrial shunt is 
therefore always severe, whether the shunt is through a patent foramen ovale or through an A.S.D. 

There were eight patients with this diagnosis in the present series, seven proved by cardiac 
catheterization, five by angiocardiography, and four by necropsy. Only one has been included 
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entirely on clinical grounds, and is still awaiting confirmation. Five of these have already been 
described briefly by Wood (1950) and one of them also by Allanby and Campbell (1949). Five 
vere female and three male. Their ages were 9, 21, 6, 22, 11, 26, 15, and 11 years. 


Clinical Features 


As explained above these cases were all severe, and cyanosed more or less by definition. 
According to Bedford and Brown (1937), cyanosis and clubbing usually appear late, in the second 
or third decades, and Allanby and Campbell (1949) believe this “* late onset of increasing cyanosis 
and disability ’’ to be the most characteristic clinical feature of the anomaly. Such behaviour is 
determined by late reversal of an interatrial shunt in cases with A.S.D., by the late development 
of a reversed interatrial shunt in cases with probe patent foramen ovale, or by increasing right to 
left interatrial shunt as age advances. The factors responsible for shunt reversal or for increasing 
right to left shunt, have recently been discussed by Allanby and Campbell (1949) and include 
infection and thrombosis of the pulmonary valve and inability of the stenosed valve to grow in 
size at the same rate as the heart. The essential physiological change is a rising right atrial pressure. 
In the eight cases reported here cyanosis dated from birth or infancy in six, but became worse at 
puberty in three of these; clubbing was associated in each of these six cases, but was slight in two. 
Central cyanosis was only just detectable in the other two patients, and neither had clubbed 
fingers. 

All eight patients were breathless on effort, four being more or less incapacitated. Pain, with 
some of the features of angina pectoris, occurred in one, and syncopal attacks in another. Only 
One patient was said to have squatted in childhood. 


The clinical findings were characteristic. In addition to the cyanosis and clubbing described above, 
all had polycythemia, the lowest hemoglobin level being 120 per cent. All seven proved cases had the 
classical signs of severe pulmonary valve stenosis with normal aortic root; thus the peripheral pulse was 
small in all but one; typical giant a waves were seen in the neck in every instance; the cardiac impulse 
was tapping in all but one, in which a strong right ventricular heave extended from the sternal border to 
the apex beat; a powerful parasternal lift was felt in all cases, but no pulsation could be felt over the 
pulmonary artery itself; a localized systolic thrill was easily felt in five cases, and was always maximal in 
the second left intercostal space high up over the pulmonary artery; the two exceptions had a localized 
systolic murmur; the second heart sound was invariably single. In one case a diastolic murmur was heard 
in the fourth intercostal space from the sternal border to the apex beat, giving rise to the same cadence 
heard with mitral diastolic murmurs; this was attributed to turbulence set up at the foramen ovale, for 
no other cause could be found at necropsy. A similar loud diastolic murmur was heard at the apex beat 
in an uncomplicated case of A.S.D. in which necropsy showed a normal mitral valve. 

The cardiogram showed sharp P waves from 2 to 5 mm. high in all cases, gross right ventricular pre- 
ponderance (grade 4) in six, slight right ventricular preponderance in one, and right branch block in one. 

Radiologically the right heart was enlarged in all but one, and the pulmonary artery was dilated in five 
(Fig. 15). One of those without post-stenotic dilatation had a valvular stenosis at necropsy; the other 
exception amongst the proved cases appeared to have a separate infundibular chamber according to the 
angiocardiogram, but this was not demonstrated on cardiac catheterization. All cases showed evidence of 
pulmonary ischemia. 


Physiological Studies 

Catheterization of these patients revealed several important features (Table IX). (1) The right 
atrial systolic pressure was always raised when measured by means of an electrical manometer. 
The amplitude of the giant a wave was commonly around 10 mm. Hg, as in the acyanotic cases 
of severe pulmonary stenosis. (2) When the left atrium was entered, the pressure in that chamber 
was low. This is attributed to the severity of the stenosis, the low pulmonary artery pressure 
being unable to maintain a proper pulmonary venous pressure. Thus severe pulmonary stenosis 
noi only raises the right atrial pressure, but lowers the left, and so provides a second cause for shunt 
rev.rsal. (3) The right ventricular pressure was greatly elevated (mean 44 to 95 mm.), the systolic 
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atrium and ventricle. 


TABLE IX 


Fic. 15.—Pulmonary stenosis with reversed interatrial 
shunt showing pulmonary ischemia, dilatation of 
the pulmonary artery, and enlargement of the right 


PHYSIOLOGICAL STUDIES IN PULMONARY STENOSIS WITH REVERSED INTERATRIAL SHUNT 
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level often being higher than that in the aorta (Fig. 16). This at once distinguishes pulmonary 
stenosis with reversed interatrial shunt from Fallot’s tetralogy. (4) The pulmonary artery 
pressure was always low (mean 2to10mm.). (5) Samples from the left atrium and left ventricle, 
when obtained, were similarly unsaturated and approximated closely to arterial samples (average 
saturation figure about 70%; range 50 to 86%). (6) Samples were obtained from the pulmonary 
veins in two cases, and these were normally saturated (95%). (7) The pulmonary blood flow was 
educed (1:4 to 4 L/min.) in the four cases in which the oxygen consumption was measured, and 
ihe oxygen content of venous samples was, of course, abnormally low, 30 to 65 per cent saturated. 


300 SE Saas 





5mm. Hg. 250/10 10/0 


Fic. 16.—Pressure tracings from a case of pulmonary stenosis with reversed interatrial shunt showing a right 
ventricular systolic pressure well above the systemic blood pressure. 


Differential Diagnosis 

Since the Blalock anastomotic operation is not advised for pulmonary stenosis with reversed interatrial 
shunt, it is imperative to distinguish this condition from the tetralogy of Fallot. As a rule, this presents 
little difficulty. Historically, the delayed onset of cyanosis and clubbing, or the sudden increase of cyanosis 
at puberty or later, is very typical and virtually diagnostic of shunt reversal, but it is by no means uncommon 
for these cases to be cyanosed from birth, and the diagnosis may have to be made long before puberty. 

We believe that by far the most important sign distinguishing the two conditions is the presence or absence 
‘a giant a wave in the venous pulse, with or without presystolic hepatic pulsation. We have never yet 
seen an a wave of such proportions in a proven case of the tetralogy, nor indeed in any condition other than 
severe pulmonary stenosis with closed ventricular septum, severe pulmonary hypertension with closed 
ventricular septum and closed ductus, and acquired tricuspid stenosis (not congenital atresia). 

In the tetralogy of Fallot, the V.S.D. acts as a safety valve and the right ventricular systolic pressure 
can never exceed that in the left ventricle and aorta. The right ventricle does not therefore require the 
kind of atrial help it needs in order to generate pressures well above the systemic level. 

Another helpful sign is the moon facies associated with severe pulmonary stenosis with normal aortic 
root. This does not seem to occur in the tetralogy. The degree of right ventricular lift is usually greater 
in severe pulmonary stenosis and may be barely perceptible in the tetralogy. Again, a right ventricular 
he:ve extending as far to the left as the apex beat must be very rare, if it occurs at all, in the tetralogy. 

Finally, the X-ray appearances may be helpful, because though pulmonary ischemia occurs in both, a 
dilsted pulmonary artery is rare in the tetralogy, even in the 40 per cent with valvular stenosis, and the right 
sid. of the heart is usually much larger in pulmonary stenosis with normal aortic root. The electrocardio- 
gren is not helpful, because a well developed P pulmonale and strong right ventricular preponderance are 
corimon in Fallot’s tetraolgy, although vectorcardiography may well show a different kind of loop. 

{t is usually possible to prove the diagnosis by means of cardiac catheterization according to the criteria 
already described. In Fallot’s tetralogy the catheter may pass through a probe patent foramen ovale and 
lef atrial samples should then be normally saturated with oxygen; but there are two pitfalls. The tip of 
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the catheter may lie in a main pulmonary vein and samples are then normally saturated in both conditions, 
or it may inadvertently slip through the mitral valve into the left ventricle while the sample is being taken, 
in which event the sample shows a low saturation value in both conditions. It is not yet known whethe: 
the atrial oxygen saturation in Fallot’s tetralogy is lower than that in the left ventricle. 

Finally, angiocardiography may solve the problem by revealing immediate filling of the left atrium ir 
cases of pulmonary stenosis with reversed interatrial shunt, and early filling of the aorta without opacificatio: 
of the left atrium in the tetralogy, as described by Campbell and Hills (1950). 


ACQUIRED PULMONARY STENOSIS (GROUP C) 


It is not the purpose of this paper to deal with Fallot’s tetralogy (group B), but two cases of 
acquired pulmonary stenosis are included for comparison and for the sake of interest. 


Case 1. Aman of 42 developed increasing congestive heart failure of uncertain etiology with tricuspid 
incompetence and ascites between July and September, 1950, and failed to respond to bed rest, digitalis. 
and mercurial diuretics. At a routine examination in 1948, nothing abnormal had been discovered apart 
from a soft basal systolic murmur. Examination by one of us in October, 1950, showed advanced heart 
failure, a small peripheral pulse, gross tricuspid incompetence, tapping cardiac impulse, right ventricular 
parasternal heave, impalpable pulmonary artery pulsation, high pulmonary systolic thrill and murmur, 
and a single second heart sound. The Wassermann and Kahn reactions were strongly positive. No gumma 
in the region of the pulmonary artery and no aneurysm of the root of the ascending aorta could be seen 
radiologically; but the stem of the pulmonary artery was dilated, the right atrium and ventricle were enlarged, 
and the pulmonary vascular markings were light. A diagnosis of simple pulmonary valve stenosis of severe 
grade was made and syphilis was believed to be coincidental. Cardiac catheterization confirmed the 
diagnosis, the mean right ventricular pressure being 45 mm.; and the mean pulmonary artery pressure 
6 mm. (Fig. 17). The change of pressure occurred abruptly at about valve level. The arterial oxygen 
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Fic. 17.—Pressure tracing from the pulmonary artery and right ventricle in a case of acquired pulmonary stenosi 
believed to be syphilitic in origin. 


saturation was 92 per cent, the arterio-venous oxygen difference 110 to 115 ml/L, and the cardiac output 
2 litres a minute. With considerable courage Mr. R. C. Brock agreed to perform a pulmonary valvulotom), 
after a period of further medical treatment, which included a low sodium diet and penicillin, had abolished 
the tricuspid incompetence, lowered the venous pressure, and caused disappearance of the oedema. At 
this stage a prominant a wave replaced the systolic venous wave. 

At thoracotomy the pericardium was thick and adherent over the base of the right ventricle and 
pulmonary artery, and the right ventricle was dilated and extremely thin walled. The pulmonary valve 
was normal, there was no aortic aneurysm, no gumma, and no fibrous ring constricting the base of the 
pulmonary artery; but there was an unidentified obstruction within the lumen of the pulmonary artery 
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:bout 2 cm. above the valve. Beyond the obstruction the pressure was low; proximal to it the root of the 
pulmonary artery was tense and bulging. A series of dilators of increasing width up to 1 cm. were passed 
through the obstruction, and the distal pressure rose. Owing to the extreme fragility of the anterior wall 
of the right ventricle considerable difficulty was experienced in sewing it up, and hemorrhage was difficult 
to control. 

The final result was excellent, and the patient is now back in his original job of male nurse, and appears 
to be free from symptoms. The thrill over the pulmonary artery is still present (July 1951), the second heart 
sound still single, and the right ventricle still lifts; but the venous pressure is normal and there are no signs 
of cardiac embarrassment. 

Case 2. The patient, a girl of 17, had a large mediastinal cyst or tumour lying beneath the root of the 
main pulmonary artery and compressing it against the anterior chest wall. There were no symptoms. 
The arterial and venous pulses were normal. The cardiac impulse was normal and left ventricular in type. 
There was no parasternal lift, but unlike all other cases of pulmonary stenosis, there was conspicuous 
pulsation in the second left intercostal space over the pulmonary artery. There was a high pulmonary 
systolic thrill and murmur, and the second heart sound was single. The electrocardiogram was normal. 
X-rays showed a well defined, smooth walled, rounded mass in the region of the pulmonary artery or its 
left branch. An angiocardiogram showed a normal right ventricle and pulmonary artery, but the latter was 
poorly filled at its base, as might have resulted from flattening of the,vessel. Cardiac catheterization re- 
vealed a right ventricular pressure of 70/3, and a pulmonary artery pressure of 18/12 mm. The cardiac 
output was 8 L/min. at rest. She is now awaiting thoracotomy. 


COMPLICATIONS 

Pulmonary Tuberculosis. Although Rokitansky (1852) wrote that cyanosis offered a complete protection 
against pulmonary tuberculosis, Paul (1871) held that pulmonary stenosis, with or without normal aortic 
root, predisposed to this disease. Indeed, Norris (1933) stated that tuberculosis occurred in one-third of 
all cases of pulmonary stenosis, and Fishberg (1931) gave tuberculosis as the cause of death in nearly all the 
cases that survived the first decade of life; they produced post-mortem evidence to support their claims. 
Pulmonary ischemia, inequality of the pulmonary and bronchial circulations, disturbances of carbon 
dioxide balance, and lowered pulmonary resistance from the accumulation of toxic metabolites, were all 
invoked as causative factors. 

These views have recently been attacked. Aubertin (1935) denied that pulmonary stenosis predisposed 
to tuberculosis; in most of his cases he found an adequate explanation for the infection, in a strong family 
history or other close contact. He showed further that the disease pursued its usual course in these 
subjects. Auerbach and Stemmerman (1944) agreed with Aubertin that neither lesion seemed to be affected 
by the other . Gloyne (1936) and Grenet and Frangois-Joly (1936), also found no evidence that the two 
diseases were causally related. 

In the present series frank tuberculosis occurred in only one case, and in this patient there was a strong 
family history of the disease. In another instance an unexpected and recent Ghon lesion was found at 
necropsy. This incidence of about 2 per cent is the same as that in the general population. 

Bacterial Endocarditis. Sir Jafres Paget (1844) was the first to point out that a deformed valve was 
peculiarly susceptible to infection, and the pulmonary valve is no exception. Abbott (1925) found infective 
endocarditis in 20 of 82 cases of pulmonary stenosis of all types. Gelfman and Levine (1942) put the inci- 
dence at 29 per cent of.all cases over the age of two years. Tuley and Moore (1917) and Posey (1938) 
emphasized the exuberance of the vegetations which grew on the pulmonary valve. 

Bacterial endocarditis occurred in only two cases in the present series, so that it was no more frequent 
than tuberculosis. On the other hand, bacterial endocarditis of the pulmonary valve does not occur in 
2 per cent of the general population. It is regarded as a potential source of danger, and patients should be 
protected against intercurrent infections, dental extractions and the like by means of prophylactic 
penicillin. 

The two patients who gave a history of bacterial endocarditis were unusually interesting, for the effect 
of the illness was comparable to valvulotomy. Both were cases of simple pulmonary valve stenosis of 
se.ere grade, and both were virtually incapacitated before the infection. One, at the age of 24, 10 years 
aficr the infection, is now leading a normal life, and is only breathless when hurrying: in childhood she 

wes unable to walk more than a few steps and used to squat. The second was a young man of 19 who 
ha had bacterial endocarditis four years previously: he was cured of the infection by means of penicillin, 
and developed pulmonary incompetence during the illness, but his exercise tolerance has improved con- 
sicerably, so that he can now run upstairs and swim without distress, whereas previously he could not walk 
stairs without having to halt on account of breathlessness. 
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PROGNOSIS AND TREATMENT 


The average age of death in Abbott’s series (1931) was 20-6 years and the longest period of 
survival 57 years. Bauer and Astbury (1944) found the average age of death was 22:8 years, the 
range being 10 to 45. It must be clearly understood that the prognosis in mild cases is altogether 
different from that in severe cases; mild cases may be expected to enjoy middle age, and several 
have reached the age of 70 (Green et al., 1949). On the other hand, severe cases are likely to die 
from congestive heart failure in the second or third decade. 

Pulmonary valvulotomy was carried out at the Brompton Hospital by Mr. R. C. Brock in 
10 of the present series of 71 cases. These comprised four cases of simple valvular stenosis, one 
of simple infundibular stenosis, four of valve stenosis with reversed interatrial shunt, and one of 
acquired pulmonary stenosis presumed to be syphilitic in origin. Three died within ten days of 
the operation—all cases with reversed interatrial shunt. Of the other seven, four have done 
extremely well, and two promise to do well but have not yet been observed long enough for 
proper appraisal. 

By February 1951, Brock had ‘performed 50 pulmonary valvulotomies, 23 in cases with Fallot’s 
tetralogy, 27 in cases with normal aortic root. In this series there were ten deaths. It will be 
noticed, however, that Brock reported 10 deaths in his first 33 cases (Brock and Campbell, 1950) 
so that none of the last seventeen could have died. 

The late results of valvulotomy have yet to be witnessed. 


SUMMARY 


A series of 71 cases of pulmonary stenosis with normal aortic root is presented. A new classi- 
fication is offered, based on function as well as structure. 

The incidence of the anomaly was 12 per cent of all cases of congenital heart disease. There 
were 37 cases of simple pulmonary valve stenosis and 8 of simple infundibular stenosis. Their 
clinical features are described in detail, and it is claimed that an accurate bed-side diagnosis is 
nearly always possible. 

Severe cases are characterized by effort intolerance, peripheral cyanosis, moon facies, small 
peripheral pulse, giant a waves in the jugular venous pulse, presystolic hepatic pulsation, tapping 
cardiac impulse, parasternal right ventricular heave, impalpable pulmonary artery, high pulmonary 
systolic thrill and murmur, and single second heart sound. The electrocardiogram shows the P 
pulmonale and strong right ventricular dominance. X-rays show pulmonary ischemia, post- 
stenotic dilatation of the pulmonary artery, and enlargement of the right ventricle and atrium. 
Catheterization reveals a mean right ventricular pressure of over 40 mm. Hg., and a systolic 
pressure often well above the systemic pressure. The pulmonary artery pressure is low (2 to 
10 mm. Hg.). Atrial systole generates a pressure of around 10 mm. Hg. The cardiac output is 
low and relatively fixed. 

Infundibular stenosis may be distinguished from valve stenosis by the low position of the thrill, 
occasionally by the absence of a parasternal lift, by the absence of dilatation of the pulmonar) 
artery, and by means of cardiac catheterization. 

Cases of mild valve or infundibular stenosis are symptom free and show little abnormal beyond 
the systolic thrill and murmur, and post-stenotic dilatation of the pulmonary artery (in the 
valvular type). 

There were 15 cases of pulmonary stenosis with normal aortic root complicated by an arterio- 
venous intracardiac shunt, 8 through a V.S.D., and 7 through an A.S.D. In about half, the main 
clinical features were those of pulmonary stenosis; in the other half the signs were determined 
chiefly by the septal defect. 

Pulmonary stenosis with normal aortic root complicated by reversed interventricular shunt 
was encountered only once. This condition closely resembles Fallot’s tetralogy, and may only be 
distinguished at necropsy. There were 8 examples of pulmonary stenosis with reversed interatrial 
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shunt through an A.S.D. or patent foramen ovale. The stenosis was always severe. Such cases 
may be distinguished from Fallot’s tetralogy by the history, by the presence of giant a waves and 
presystolic hepatic pulsation, by the degree of left parasternal heave, and by the presence of post- 
stenotic dilatation of the pulmonary artery. 

Three patients with simple pulmonary valve stenosis had a functionless probe-patent foramen 
ovale through which a catheter was passed. 

Two cases of acquired pulmonary stenosis are described in detail. One was associated with 
syphilis and one was caused by a mediastinal cyst or tumour. 

Bacterial endocarditis improved two severe cases of pulmonary valve stenosis. Clinical pul- 
monary tuberculosis occurred in only one of the 69 congenital cases; necropsy revealed an 
unsuspected Ghon focus in a second. 

Pulmonary valvulotomy was carried out in ten severe cases. Three died, four are greatly 
improved, and two recent cases are doing well. 


Of the 71 cases comprising this series, 5 were under the care of Dr. Maurice Campbell, 3 under Dr. Evan Bedford, 
1 under Dr. William Evans, 2 under Dr. Graham Hayward, and 5 under Dr. Wallace Brigden. We would like to 
thank these physicians for their kindness in allowing us to investigate their cases and to include them in the series. 

We should also like to thank the registrars for helping with the cardiac catheterizations, and Mr. Latham and Mr. 
Norman for their technical assistance. 
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I. FOR MEASURING THE RESISTANCE AT ANY POINT IN THE BODY 


When standard leads or ordinary precordial leads are taken with a string galvanometer electro- 
cardiograph, the resistance of the patient can be measured for each lead. However, no method has 
been described previously by which the resistance at any of the extremities or at any point on the 
body can be measured. A method for doing this is described below. 

Principle. When the standard leads are taken, the resistance of the patient as measured consists 
of the resistance of the skin at the points of electrode contact and the resistance of the body 
), tissues and fluids. Thus, the resistance of the patient measured from lead I includes the resis- 
. tance of the point of right-arm electrode contact, the resistance of the point of left-arm electrode 
contact, and the resistance of the body tissues and fluids. Similar situations hold for the resis- 
m tances of the patient when lead II, III, or any bipolar lead is taken. However, for the purposes 
of this paper, we shall assume that practically all the resistance of the patient is centred at the 
two points of extremity-electrode contact for each lead. Studies have been made which indicate 
that the resistance of the body tissues and fluids is at most only a few hundred ohms (Richter 
and Woodruff, 1941). Even if the resistance of the body fluids and tissues were of magnitude, 
this would only change the results quantitatively but not qualitatively because the resistances of the 
body fluids and tissues are equal (Kaufman and Johnston, 1943). 

Thus, if the resistance, R, of lead I as measured is 700 ohms, of lead IT, 1000 ohms, and of lead 
Ili, 1100 ohms, the following relations would hold: 


R,= Riat Raa- 
Ryu= Rir+ Raa: 
Rin=Rir+ Rya. 


Therefore, . 
R,+ Ry=(Riat+ Raa) +(Rir + Ras)=2ReaatRriat Rit. 
However, Ry, +Ri.=Rin, therefore 
2Raat+Rim=RitRu, or 


ZR =R,+R,,—Ryy, and 
Rra =(R,;+R,—Ry,)/2. ae ae a a 
Similar analysis yields the following formulae for the resistances of the left arm and left leg: 
Rya=(Ri+Rini— Rn)/2 ice en se « BB 
: Rip=(Ru+Rim—Ry)/2 ee ee 
Using these formulae, we find that with the above example Rp,=300 ohms; R,,=400 ohms; 


R,; =700 ohms. 
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Thus, the resistance at the right arm, left arm, or left leg can be determined merely by measurin 
the patient resistances in the three standard leads, and using formulae (1), (2), and (3). The resistan 
of any three points of the body can be measured in a similar way. 

The patient resistance in any standard lead can be quickly and easily measured according to tie 
following formula (Royce, 1949): 


& 
e 


Rp=(2000+R,(I—d) )/d. 2. wwe (4) 
where Rp is the resistance of the patient in the particular lead being taken, Rg is the resistance of 
the particular string in the electrocardiograph, and d, is the deflection of the string in centimetres, 
1 represents a l-cm. deflection of the string, the electrocardiograph having been standardized in the 
usual way so that | mv. produces a l-cm. deflection. 

In order to use this formula, tracings are taken in the following way. (1) The electrocardio- 
graph is standardized in the usual way and a tracing taken of the string deflection when | mv. is 
introduced, with the patient out of the circuit. (2) Leads I, II, and III are then taken without 
changing the standardization. However, while each lead is taken, a l-mv. potential is introduced 
into the circuit and the string deflection recorded. 

In making actual measurements, a 2-mv. potential was introduced for standardization instead 
of a l-mv. potential to achieve greater accuracy, so that the 2 mv. produced a standardization 
deflection of 2 cm. instead of | cm. Therefore the above formula was modified in the following 
way: 

Rp=(4000+Rs (2—d) //d  . 2 ww ww ee OD) 


Example. Fig. 1 shows an actual electrocardiogram taken in this way. The resistance of the 
string was 2100 ohms. Notice that the standardization deflection was 2cm.; that of lead I, 2-2 cm.; 
lead II, 1-5 cm.; and lead III, 1-4 cm. Using the above formula, (5), the resistances of the leads 
are R;=about 1627 ohms, Ry, =about 3366 ohms, and R,,,=about 3757 ohms. 

And from formulae (1), (2), and (3), we find that Rr,=618 ohms; R,,4=1009 ohms; and R,, 


=2748 ohms. 
I 
a a 


3 
OSES 


Fic. 1.—Tracings showing how skin resistance can be measured. ST, the deflection of the 
string galvanometer when a potential of 2 mv. was introduced with the patient out of the 
circuit; I, II, III, the deflections produced when the same potential was introduced while 
leads I, II, and III were being recorded. (Also see text.) 









Summary. A method is described of measuring the skin resistance at any point of electrode 
contact, using a string galvanometer electrocardiograph. Studies on the significance of marked 
variations in skin resistance with respect to the deflections of unipolar leads are now in progress. 
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II. FoR EQUALIZING INEQUALITIES OF SKIN RESISTANCE 


The use of a central terminal (with or without resistors) in taking unipolar leads, depends on, 
among other things, the near equality of the skin resistance under the electrode at each extremity. 
In order to determine what effect, if any, complete equality of skin resistance has on the deflections 
of unipolar leads, the following method of equalizing skin resistance was developed. 

Principle. A string galvanometer electrocardiograph is standardized by introducing a standard- 
ization potential of 1 mv. into the circuit and varying the tension of the string to produce a standard 
deflection of 1 cm. (10 mm.). When leads I, II, and III are being recorded and the standardization 
potential of 1 mv. is introduced, the deflection that results will vary, more or less than 1 cm., 
depending on the variations in skin resistance beneath the eiectrode on each extremity. If the 


amplitudes of these standardization deflections are measured, a result such as the following may be 
obtained: 


Standardization deflection with patient out of circuit. . 5 .. 10mm. 
Standardization deflection in lead I As sh vo tt .. iim, 
Standardization deflection in lead II .. > ae ae .. Omm. 
Standardization deflection in lead III .. 7 ee = o 7 mm. 


It is possible to construct a table showing, for example, that when the amplitudes of the 
standardization deflections in the standard leads are as above, namely III<I<II, the qualitative 
relationships between the actual resistances, R, at each extremity would be Rright arm<Rleft lege< 
Rleftarm. This, of course, gives no indication of the actual resistance at each extremity. However, 
if potentiometers (variable resistors) are introduced into the circuit between each lead cable of the 
electrocardiograph and the patient (Fig. 2), and the potentiometers adjusted until the amplitudes 


TABLE SHOWING THE RELATIVE RESISTANCES AT THE EXTREMITIES WITH VARYING RELATIONSHIPS 
BETWEEN THE AMPLITUDES OF THE STANDARDIZATION DEFLECTIONS IN THE 
THREE STANDARD LEADS 








Relative amplitudes of 
standardization deflections 


Relative values of 


skin resistance 
































1==I11 RAwLAwLi. 
i<<il LL<LA<RA : 
-_ I<II<I LL<RA<LA 
7 I<HI<I LACRA<LL 
1<I<I LA<LL<RA 7 
_ HI<<I RA<LA<LL 
; Wi<I<i RA<LL<LA 
iI * RA 
I<= LL<= 
i LL 
[* RA 
Rice Lace 
Ill 
[ * LA : 
li<= RA<= 
II LL 








* The converse of these three are of course equally valid. 
Right arm, RA; left arm, LA; and left leg, LL. 
<, less than; >, more than; =, equal to. 
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of the standardization deflection in each lead are identical (regardless of the actual amplitude of 
the standardization deflections which result) the total resistance at each extremity (skin resistance 
plus the resistance of the potentiometer) will be identical. 


F 
> LA —._ ECG cable 
RA 


‘We 








Fic. 2.—Diagram showing how potentiometers are introduced into the circuit to equalize 
skin resistance. P, potentiometer (variable resistor). (Also see text.) 


Although the resistances of the potentiometers can be varied by a trial-and-error method until 
the standardization deflections are equal in all three leads, the use of the data in the Table is advan- 
tageous because it enables the investigator to increase the resistances of at most two extremities- 
those with the lowest skin resistance. In actual operation, the potentiometers were mounted in a 
box, as shown in Fig. 3. 

Example. Fig. 4 and 5 show a tracing taken in this way. In Fig. 4, notice that the standard- 
ization deflection of the string when the patient is out of the circuit is 2cm., not 1 cm. This is due 
to the fact that a standardizing potential of 2 mv. was introduced into the circuit, and the string 
deflection adjusted to a standard of 2 cm. to achieve greater accuracy in measurement. Notice 





A B 


Fic. 3.—(A) Assembly box housing the potentiometers, R, L, F, clips into which are inserted the three lead cables 
of the electrocardiograph; P, knobs of the potentiometers; RA, LA, LL, clips into which are inserted wires 
(not shown) which are attached to the three extremities. 

(B) Under surface of cover of box shown in figure 3 (A). P, potentiometers with a maximum value of 

1000 ohms. Since differences in skin resistance between the extremities may exceed 1000 ohms, provision was 

made to insert additional fixed resistors, if necessary, at points, A. 
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ST | 3 II ll 





Fic. 4.—This shows a tracing taken before the skin resistances were equalized. ST, shows the standardiza- 
tion deflection when a potential of 2 mv. was introduced with the patient out of the circuit. I, II, III, 
show the deflections produced when the same potential was introduced while the leads were being 
recorded. Notice that the amplitudes of the standardization deflections are different in each lead. 


also that the standardization deflections in the three standard leads are not only less than 2 cm. 
(because of the skin resistance) but differ in each lead, due to the inequalities of skin resistance. 
Fig. 5 shows the three standard 
leads taken after the resistances in the 
| iI HI extremities had been equalized with the 
method described above. The standard- 
ization deflection with the patient out 
of the circuit (not shown) is still 2 cm. 
When the three standard leads are taken, 
the standardization deflection is now 
much less than 2 cm. due to the resis- 
tances which have been added, but it is 
now equal in all three leads, because 
the total resistances have been equal- 
ized. The actual value of the resis- 
tances added to the circuit, and the 
Fic. 5.—This shows the same electrocardiogram taken after ‘actual resistance at each extremity can 
the skin resistances had been equalized. be easily calculated using the method 
described in the first part. 


Summary. A method is described for equalizing inequalities of skin resistance using a string 
ilvanometer electrccardiograph. Studies of the effect of equalizing skin resistance on the deflec- 
‘ions of unipolar leads are now in progress. 


The author wishes to express his appreciation to Stan Rakoff and Allen Zimmer for their help in this project. 
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The clinical manifestations of embolic occlusion of the bifurcation of the abdominal aorta are 
sufficiently well recognized and of too frequent occurrence to require enumeration. Cases previously 
reported have usually been described under the title of “‘ embolism and thrombosis of the abdominal 
aorta.” In other reports entitled ‘“* thrombosis of the abdominal aorta,” the descriptions indicate 
prior embolization, the thrombotic process occurring secondarily to lodgement of a saddle embolus, 
or developing in a retrograde manner following embolic occlusion of an iliac or femoral artery. 
The syndrome of massive embolization of the abdominal aorta is a dramatic and sudden event 
demanding prompt diagnosis and therapy if life and limbs are to be preserved. It is not likely to 
be overlooked. 

In contrast, it is not generally recognized that insidious thrombosis of the terminal aorta, not 
dependent upon prior embolization, may occur. It is probable that the incidence of this condition 
is greater than the number of published cases would suggest. Elken and Cooper (1949) record that 
ten examples were encountered by them over the course of twenty months. 

The first description of aortic thrombosis is that of Barth, who in 1948 recorded the finding 
at necropsy of partial occlusion of the abdominal aorta in a woman who died from phthisis. During 
life there had been no symptoms referable to this lesion. Welch’s reference to the problem, as 
seen by the morbid anatomist, is pertinent. He stated ‘it is difficult, indeed impossible, from 
published descriptions . . . to determine accurately how many of these cases were referable to 
embolism and how many to thrombosis.”’ Since 1940 the clinical picture of insidious thrombosis of 
the terminal aorta has been made clear, largely owing to the communications of Leriche and his 
associates (1948). 


Symptomatology. Of the published case reports of insidious thrombosis of the abdominal aorta, all 
indubitable examples have been male subjects. The age at the onset of symptoms has ranged from 28 to 
62 years. At the time of the initial diagnosis, the subject has usually been in his fifth or sixth decade. 
The duration of symptoms before a diagnosis was arrived at has varied from 15 months to 15 years, this 
latter extreme duration in a patient who had already developed gangrene of one leg. 

Leriche has emphasized that the diagnosis can, and should, be made at a relatively early stage when 
significant trophic changes have not yet occurred. At this stage appropriate treatment can avert or delay 
the onset of incapacitating ischemic lesions in the lower limbs. He states that in this early phase of the 
disease, patients present with one or other of the following features: 


(1) the inability to maintain a stable erection, 

(2) extreme fatiguability of the lower limbs when walking or standing, 

(3) a generalized atrophy of muscle in both buttocks and in both lower limbs, and 

(4) a marked pallor of the lower limbs. 
The details of 24 cases that we consider to be examples of insidious thrombosis of the aorta are reported 
in Table I (p. 556). 

The case recorded below is of interest since the presenting symptoms were referable to a severe hyper 
tensive state. The peripheral circulatory changes in the lower limbs were incidental findings. 


554 





E 
yout 
Abo 
They 
at ni; 
was I 

Pp 
were 
in m 

C 
no al 
soft | 
both 
on a 
clinic 
was t 

E 
but t 
show 
ceden 
to pu 

Ir 
notck 
occas 
Pyelo 

R 


E 

A 
radia’ 
past t 
visual 
lumb: 
off rij 

In 
B.P. 


Fl 


treatr 
worl 


occu 
weve 


wa Ww 


we Sw YE 


D 













































INSIDIOUS THROMBOSIS OF THE ABDOMINAL AORTA 555 


CASE REPORT 


History. The patient was a married man aged 49 years, whose occupation was truck driving. In his 
youth he had been a boxer, and had remained perfectly fit until three months prior to admission to hospital. 
\bout this time he began to have severe bilateral frontal headaches which tended to radiate to the occiput. 
They usually came on during the early evening on returning from work, and they tended to keep him awake 
at night. The more severe attacks were associated with bouts of nausea and occasional vomiting. There 
was no past history of trauma or renal disease, and no family history of hypertension. 

Physical examination. The patient appeared younger than his years. The trunk and upper extremities 
were well developed and muscular, in contrast to the buttocks and lower limbs which appeared to be lacking 
in muscle mass. 

Cardiovascular system. Pulse regular, 80 beats a minute. The heart was not enlarged. There were 
no abnormal pulsations at the root of the neck. At the apex there was a presystolic triple rhythm and a 
soft systolic murmur. The aortic second sound was accentuated. The blood pressure was 210/110 in 
both arms, and by oscillometry was estimated at 140/80 in the thighs. The femoral pulses were just palpable 
on admission but later disappeared. The popliteal and ankle pulses were impalpable. There was no 
clinical evidence of any collateral circulation except a slight pulsation in the third right interspace which 
was thought to be due to a dilated internal mammary artery. 

Except for the muscle wasting, previously mentioned, there were no trophic changes in the lower limbs, 
but the feet were persistently cold, rather pale and showed delayed reactive hyperemia. The optic fundi 
showed small circular hemorrhages and patches of recent exudate. The right disc was swollen and slightly 
cedematous. The other systems were normal. Mensuration: height, 1594} cm.; span, 1614 cm.; height 
to pubis, 774 cm. 

Investigations. Radiography: Slight left ventricular enlargement. Normal aortic knuckle. No rib 
notching. Patchy calcification of the wall of the abdominal aorta was present. Urine: trace of albumen, 
occasional red and epithelial cells only, seen on repeated examination. Blood urea: 29 mg. per 100 ml. 
Pyelography: normal excretion; no abnormality other than a double ureter on the right side. 

Renal clearances. (Average of 2 estimations.) 

Glomerular filtration rate —54-8 ml. per minute (normal=131+21 ml.). 
Effective renal plasma flow—382 ml. _,, » ( 4, =697+136 ml.). 
Filtration fraction —14% en » € » = 1922). 


Electrocardiogram. Electrically vertical heart with marked left ventricular preponderance. 

Aortogram. A retrograde aortogram was performed through a cardiac catheter introduced via the 
radial artery into the arch of the aorta. The films exposed to demonstrate the passage of the opaque medium 
past the aortic arch showed this to be of normal configuration. A second series of exposures designed to 
visualize the abdominal aorta indicated that the dye passed along the aorta as far as the level of the 3rd 
lumbar vertebra where the aorta appeared to terminate in a “‘ rat tail’’ constriction, but before doing so gave 
off right and left branches that were considered to be the renal arteries (Fig. 1). 

Intra-arterial pressures: (Strain gauge manometer). Brachial B.P. 200/105, mean 139. Femoral 
B.P. 108/91, mean 101. 


Fluorescin circulation rate: after maximum reflex heating. (Method of Macgregor and Wayne, 1950). 
Right foot minus L. arm time: 15 sec., i.e. arm to foot time minus arm to arm time (R). 
Left foot minus L. arm time: 15 sec., i.e. arm to foot time minus arm to arm time (L). 
(normal range: 8-13 seconds). 


Limb blood flows: (i) Before heating Feet: 2-6 ml. (100ml. tissue/min. T =24 ). 
Venous occlusion plethysmography. Hands: 8-5 ml. (_,, 3 «» £ =Zeo 

(ii) After heating Feet: limi. ( ,, a oo. 2 Soe D. 

Lower limit of normal range for method used. Hands: 16 ml. (_ ,, rs ~~ < =a) 


Subsequent progress. The patient failed to obtain any relief from his symptoms with conservative 
reatment. He was referred to Mr. Peter Martin who considered that thoracolumbar sympathectomy 
would be advisable. This was carried out in two stages. At operation the aorta, from a point immediately 
below the origin of the renal arteries to beyond its bifurcation, was found to be pulseless and completely 
ccluded by thrombus. The state of the vessel precluded any attempt at operative repair. Renal biopsies 
ve e taken which were reported by Dr. C. V. Harrison as follows. 

‘Both biopsies showed essentially the same histology. The kidney structure was largely normal. 
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GOODWIN AND PETRIE 





Fic. 1.—Retrograde arterial aortogram showing obliteration of the aorta at the level of the second lumbar vertebra 
with patent renal arteries. 


There was widespread hyaline change in the afferent glomerular arterioles and in a few cases this had spread 
to the adjacent part of the glomerular basement membrane. A few glomeruli had undergone fibrosis and 
their tubules had atrophied, but the rest appeared healthy. The picture as a whole suggested a kidney 
which had been subjected to a severe degree of hypertension.” (Fig. 2). 

Post-operative progress. Immediately after operation the blood pressure fell to normal levels. 

Fluorescein tests (i) After right sympathectomy. 

Right foot minus arm time =8 sec. (T° foot=31°). 

Left foot minus arm time =13 sec. (T° foot=26°8°). 
(ii) After left sympathectomy. 

Right foot minus arm time =11 sec. (T° foot=32-9°). 

Left foot minus arm time =12 sec. (T° foot=32:2°). 

Further progress. Twelve weeks after operation the patient stated that he was free from headaches 
but complained of pain in the muscles of both thighs on walking 100 yards, relieved by resting. Both 
feet were cool; the pulses had not returned. There was no sweating and reactive hyperemia was slight! 
delayed. Brachial blood pressure, lying: 230/130. Brachial blood pressure, standing: 170/110. Brachial 
blood pressure, Standing, after walking 40 yards: 160/100. The optic furfdi showed partial resolution 
of the original hemorrhages, and several new small punctate exudates. 


COMMENT 


Although presenting some of the typical signs of thrombosis of the terminal aorta, the case 
reported above is unusual in that the presenting symptoms were solely those of severe hypertension. 
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INSIDIOUS THROMBOSIS OF THE ABDOMINAL AORTA 559 


This is in contrast to the finding of ischemic symptoms referable to the lower limbs in twenty- 
three of the twenty-four previously reported cases. Of these cases, no less than twenty had inter- 
mittent claudication and three had pain at rest. Pain in the hips on walking was noted by Elkin 
and Cooper in four of their patients; it was thought to be characteristic of occlusion of the terminal 
aorta. 





Fic. 2.—Kidney biopsy. Two arterioles near the centre show 
severe hyaline change. The larger glomerulus is healthy 
but its arteriole at the point of entry is hyaline. The smaller 
glomerulus and its tubules have undergone fibrosis. (Stain: 
Picro-Mallory, 90). 


In the present case neither easy fatiguability of the lower limbs nor claudication occurred 
before operation, but after it the onset of pain in the upper part of the thighs was a conspicuous 
feature—a symptom that was attributed to the presence of a degree of orthostatic hypotension. It 
was considered that after sympathectomy, in the upright posture, the blood pressure maintaining 
the collateral arterial supply to the lower limbs might not be adequate to meet the demands of the 
active muscles. 

\lthough apparently seldom looked for, calcification of the abdominal aorta was detected 
radiologically in two cases, in our case, and in one in which it was found at necropsy. The brachial 
blood pressure was recorded in seven cases, but was significantly raised in only two. In the few 
reports that included the results of oscillometry, the pulsations were absent or markedly reduced 
in the thighs and calves. No records of eye ground examination were available. It should be 
me: tioned that the heart was considered to be normal in this collected series, as patients having 
carviac lesions likely to predispose to embolism were automatically excluded. 

n the light of the present case and of those previously reported, it would appear that certain 
of | eriche’s criteria require modification. He emphasized that extreme fatiguability of the lower 
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limbs rather than claudication occurred. Although fatiguability and parasthesia of the legs and 
thighs did occur frequently in the series studied, true claudication of the calf was the predominant 
symptom. Furthermore, Leriche considered that trophic changes were characteristically absent. 
However, various reports have included the finding of trophic changes of all grades up to and 
including advanced gangrene of the limb. There appeared to be no correlation between the dura- 
tion of the disease and the presence or absence of trophic changes. For example, Elken and 
Cooper’s second case had advanced gangrene although his symptoms were of only two years’ dura- 
tion. The presence of trophic changes could probably be more appropriately correlated with 
the rapidity of spread of the obstructive processes in the aorta than with the lapse of time. 


SUMMARY 


Earlier reports relating to insidious thrombosis of the abdominal aorta are reviewed, and the 
salient features of the twenty-five authentic cases previously described are briefly analysed. 

It was found that either frank intermittent claudication of the calves or an aching in the hips 
and thighs on walking was an almost invariable early symptom. Mild or severe trophic changes, 
in the lower limbs, frequently improved by lumbar sympathectomy, were often present. 

A case is reported in which thrombosis of the aorta occurred insidiously below the origin of 
the renal arteries. The presenting symptoms were unlike those of the cases reviewed in previously 
reported series in that they were entirely referable to the effects of a severe hypertensive state. 
The circulatory changes in the lower limbs, and particularly the muscle wasting, were important 
features suggesting that any obstruction in the aorta was of recent development. The results of 
instrumental examination of the lesion, and of its effects upon the peripheral circulation are described, 
as are the findings at operation. 

After sympathectomy, the present case .came to resemble closely many of those described in 
the review, in that there developed an easy fatiguability of the lower limbs, and on walking a rapidly 
induced aching of hips and thighs. 

It is suggested that Leriche’s diagnostic criteria should be extended if cases of insidious 
thrombosis of the aorta are not to go undiagnosed. 


Our thanks are due to Dr. K. G. Lowe for renal clearance studies, to Dr. S. Kaplan and Dr. R. B. Lynn for esti- 
mation of peripheral blood flows, and to Mr. Peter Martin for undertaking the surgical care of this case. 
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Much has been written by physicians about patients referred to them because of the discovery 
of a systolic murmur. Inevitably such consultant physicians have scant opportunity to judge the 
incidence, character, and significance of murmurs among apparently healthy people. Freeman 
and Levine (1933) described the systolic murmurs that they had found in a group they had examined 
of a thousand persons whose cardiovascular systems had been supposed normal: the value of 
their investigation would appear lessened by the fact that most were hospital patients suffering 
from illness in some other form. Contratto (1943) published an account of the systolic murmurs 
that he had elicited among a group of healthy Harvard students without, however, making any 
attempt to analyse the variability induced by altering the conditions of examination. A similar 
study carried out by O’Meara (1947) upon recruits to the Royal Navy made no mention of the 
important factor of loudness. In the paper that follows the object will be to consider, in somewhat 
greater detail than is commonly possible at routine clinical examinations, the systolic murmurs 
heard in a large group of healthy young adults. 

All murmurs must be the product alike of cardiac structure and function. They may derive 
from local or general disease, or as a variant of the normal. The conception of this innocent or, 
in Parkinson’s phrase, “ incidental ’’ systolic murmur has been twice revolutionized within the 
last generation. In consequence, largely, of the work of Mackenzie (1925), there developed the 
idea that an apical systolic murmur, no matter how loud, was of no importance so long as cardiac 
function remained good and other signs were absent. Reaction against this belief, already begun 
by Levine and others, was accentuated by observations made during the 1939-45 war. Parkinson 
and Hartley (1946) emphasized the new orientation: in 60 out of 2500 of the recruits referred to 
them by medical boards they diagnosed mitral stenosis on the strength of a systolic murmur alone. 
Referring to the same problem Master (1948) wrote : “It should be evident that proper evaluation 
of a loud apical systolic murmur in the absence of enlargement of the heart, diastolic murmurs, 
abnormal electrocardiograms, and heart failure, is of paramount importance in medical practice . . . 
I believe that this murmur should be accepted as evidence of organic heart disease unless cardiac 
abnormality can be disproven.” 

But how loud? And how can cardiac abnormality ever be disproven? To use such a phrase 
is surely to beg the question. Rather must all diagnosis rest upon the reciprocal assumption— 
that the absence of recognizable defect proclaims the normal. There has thus to be formed a critical 
ass-ssment as to whether any particular murmur should be designated innocent or organic. The 
points examined to that end in the present series are those advocated by most authorities. It 
is hoped that the findings may prove of value as a control, affording a background for the clinical 
appraisal of patients suspected of cardiac disease on account of a systolic murmur. 


MATERIAL AND METHOD OF EXAMINATION 


The subjects examined were 525 young people—489 Bristol University students and 36 pro- 
baiioner nurses—365 were men and 160 women. With the exception of 9 men all were British. 
561 











562 I. McD. G. STEWART 





The average age of the men was 22 and of the women 20; none was over 30. All were in robust 
health. 

A history was taken and after the subject had been at rest for ten minutes auscultation was per- 
formed. The quality of the first sound was noted and any murmur heard was assessed in terms of 
loudness, location, character, length and timing, and variability. 

The standard of loudness adopted was that of Freeman and Levine (1933) who divided systolic 
murmurs into six grades which they defined as follows: I, Extremely soft but of an appreciable 
duration; II, Slight; III, Moderately loud; IV, Loud; V, Very loud; VI, Loudest. They hold 
that murmurs of grade II loudness and upwards should be considered “* usually significant ”’ of 
disease. Master maintains that grade III invariably indicates an organic lesion. Everyone, of 
course, must form his own idea of these standards. In the present series an additional grade, 
grade II+, was recognized, as it was also by Contratto (1943). The loudness of this murmur, 
though clearly enough differentiated from that of grade I and II, was not held in virtue of the loud- 
ness alone to imply the presence of disease. 

The murmurs were divided by location into three groups—those best heard at the base, at the 
apex, and equally well in both situations. Variability was noted as it was produced by posture, 
which was changed between supine, erect, and left lateral positions, by respiration, and by standard 
moderate exercise which consisted of six ** toe-touchings.”’ 

Chest films of all subjects were taken by a mass radiography unit. In addition radioscopy 
with barium swallow was carried out whenever it seemed, on any grounds, that there existed a 
reasonable possibility of cardiac abnormality. Blood counts and erythrocyte sedimentation rates 
were determined as required. Electrocardiography was confined largely to cases of arrhythmia. 
In the opinion of Parkinson and others, it is of negligible value in the detection of early rheumatic 
heart disease. 

All examinations, apart from those of the 36 nurses, were made twice—with an interval of one 
year—and a record was made of murmurs that had changed. Selected subjects were examined 
again at the end of a second year. 


FINDINGS 


A history that seemed beyond reasonable doubt to be that of acute rheumatism was obtained 
on seven occasions. 

On clinical examination no thrills were felt. As was to be expected a third heart sound was often 
audible. Not infrequently the pulmonary second sound was accentuated. No note was made 
of either finding. Parkinson and Hartley (1946) consider that there is no basis for the popular 
belief that an accentuated pulmonary second sound supports the presence of mitral disease. Only 
once was there heard an abrupt, slapping, apical first sound of the type ascribed classically, in the 
absence of tachycardia, to mitral stenosis. The man concerned had also an aortic diastolic murmur 
—the only diastolic murmur in the whole series—with a grade II systolic murmur at the apex. 
Rheumatic heart disease with aortic incompetence and a probable mitral lesion was diagnosed. 

Of the 525 young adults examined, systolic murmurs were heard, within the conditions imposed 
for auscultation, in 179 (34°). They were present in 44 per cent of the women examined and in 
30 per cent of the men. These murmurs were assessed as follows: 53 (10% of all hearts examined) 
were put in grade I category of loudness, 105 (20% of all) in grade II, and 21 (24% of all) in grade 
Il+. None was placed in a higher category. The 2-5 per cent placed in grade I+ were subjects 
in whom there was a murmur that some authorities might consider sufficiently loud to identify 
valvular disease without further evidence. That decision must necessarily rest upon a difficult 
and uncommunicable auditory impression. In all grades murmurs were more frequent among 
the women than the men, this tendency increasing as the murmurs became louder. Grade I/+ 
murmurs were found two and a half times more often among the women. It was found that 
murmurs at the base alone constituted about 60 per cent of all heard, those at the apex alone, 
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and at the base and apex equally, numbering some 20 per cent each. This tendency was much 
the same in both sexes. There were no strictly localized pulmonary or parasternal murmurs. 

Much importance is given to the character of a systolic murmur. According to Master (1948) 
a “harsh,” or “ seagull,” type of murmur suggests organic disease. There is general acceptance 
that murmurs may be identified as ** harsh ’’ apart from being merely “ loud.”’ On the other hand, 
murmurs that are innocent, or ‘‘ incidental ’’ are commonly described as “ soft,’ or as consisting 
of a ** whiff’’ of sound. Obviously discrimination again depends entirely upon the hearing of the 
man with the stethoscope. It can well be maintained, however, that this significant quality of 
harshness is plainly enough recognizable to the initiate in much the same way as is the presystolic 
crescendo sometimes heard in mitral stenosis with normal rhythm. Of the murmurs heard in this 
series no more can be claimed than that they all seemed to be “ soft ’’ rather than ** harsh.” 

Few physicians have, as yet, enjoyed the opportunity of training their clinical appreciation of 
the length and timing of murmurs by phonocardiographic control. Nevertheless, provided that 
the heart rate is not rapid, it has become the fashion to claim considerable accuracy in the estimation 
of these niceties; indeed, there is often no great difficulty. That an attempt should be made is 
reasonable enough. In this survey there were a few murmurs whose timing could not be decided 
with any precision. It may be said, however, that most appeared to be short and to occur late in 
systole. A few were longer and extended back towards the first sound. None “ replaced ”’ that 
sound. 

The 53 murmurs (10% of all hearts examined) that were placed in grade I were inaudible at 
any site, or in any posture or phase of respiration, before exercise. A further 80 murmurs (15°% 
of all) were either immediately detected as of grade II intensity on the first auscultation, that is in 
the supine position at rest, or could be made to appear to that intensity by the standard exercise, 
or by some adaptation of posture or respiration. The effect of exercise, it was found, was almost 
invariably to increase loudness and in less degree the supine posture tended to the same effect. 
Expiration usually enhanced a murmur but occasionally diminished it. None of these murmurs 
was persistent. By finding a suitable combination of circumstances within the standard form of 
examination there were further found 4 subjects in whom a systolic murmur of grade II+ became 
audible but did not persist. The remaining 35 systolic murmurs (7% of all hearts examined) were 
persistent at their particular site, though altering in loudness in response to the standard variations 
of posture, respiration, and exercise. 

The appearance and disappearance of systolic murmurs over a period of one year was also 
recorded. Thus, of the 161 systolic murmurs heard in 1949-50, 61 had not been discovered in 
1948-9, whereas 38 heard in 1948-9 had disappeared by 1950. A special check was made upon 
students in whom a systolic murmur, many of them in grade II and several even in grade II+ 
grades of loudness, had appeared during the year. This gave an impression that they were, on the 
whole, above the average in the vigour and success of their sporting activities. Nearly all had put 
on weight—a usual characteristic of the student period. 

On no occasion did the mass radiography unit report a finding suggestive of a cardiac lesion. 
Leggat (1950) put forward a claim that such investigation may be of value in identifying some cases 
0! cardiac disease. It is obvious, however, that no reliance can be placed upon this method alone. 
In fact, many subjects were submitted to radioscopy. The only definite abnormality found was a 
moderate left ventricular enlargement in the man with the aortic regurgitation. Neither did blood 
examination reveal any significant anemia or other disorder. 


COMBINATION OF FACTORS 


Assessing all these factors in combination it was found that 10 murmurs were both of grade 
I+ intensity and persistent. Of these, 6 were maximal at the base, 1 was heard equally well at 
both base and apex, and only 3 were maximal at the apex. 

Of the subjects with persistent murmurs maximal at the apex, 2 women and | man, all of them 
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British, one had a rheumatic history and another a strong family history of rheumatic heart disease. 
During two years of observation their health remained excellent. The murmurs were not strikingly 
prolonged, neither did they seem to extend far back into early systole; in every other way thes: 
subjects appeared normal. Nevertheless, it was surmized that the first two of them probably, 
and the third possibly, had a minimal rheumatic heart lesion. A further 2 students were placed 
in the “ possible’ category. These had rheumatic histories with apical grade II murmurs, one of 
which, however, was not persistent. 

Thus, of these 525 young adults, all apparently in robust health, 1 was considered certainly 
affected by rheumatic heart disease with aortic regurgitation. In 2 there existed, on the strength 
of a rheumatic history in conjunction with a persistent apical systolic murmur of grade II+ intensity. 
a reasonable likelihood of minimal rheumatic heart disease. A further 3 were found in whom 


the grounds for such a suspicion were less. In fact hesitation was felt about deciding that any of 


the hearts examined in this series were abnormal on the strength of a systolic murmur alone.. Neither 
were there any findings to arouse suspicion of a congenital cardiac defect. 

The man with aortic incompetence, who had been playing rugby football, was advised to give 
the game up, and to obtain penicillin cover for any dental extraction. No suggestion that anything 
abnormal had been found was made to any of the other subjects examined. 


DISCUSSION AND CONCLUSIONS 


In the assessment of isolated systolic murmurs all decision must be thrown back upon the ear 
and experience of the physician. Such experience cannot be acquired easily. Evans (1946) 
making use of phonocardiography, concurred with the general view that innocent murmurs are 
usually short, appearing late in systole; in his opinion they might also on occasion be “ loud,” 
but ‘‘ never rough or harsh.” 

Necropsy proof of such conclusions is necessarily almost always lacking. Nevertheless, despite 
the difficulties, it is reasonable that every doctor should make an effort to establish for himself a 
clinical conception of murmurs supposedly innocent, since the passage of years can be expected 
to confront his judgments with a large measure of proof or refutation. The following points, 
taken from the present survey may, therefore, seem worthy of statement or re-emphasis. 

Variability in loudness is the fundamental characteristic of nearly all systolic murmurs heard 
in young adults. An increased heart rate, as a result of exercise or excitement, is by far the most 
potent factor in augmenting loudness. 

In order to obtain comparable findings every physician must establish for himself his own tech- 
nique of examination. The standard exercise adopted in this investigation was that of six moderately 
energetic “ toe-touchings.”” Freeman and Levine (1933) showed that violent exercise will produce a 
murmur almost invariably in the young or middle-aged. In confirmation of this, 9 probationer 
nurses, in whose hearts no murmurs had been heard after auscultation with the standard technique, 
were further examined after they had jumped up and down vigorously and had become breathless. 
Transient systolic murmurs, several of which reached a grade II intensity then became audible in 
8 out of the 9. 

The higher grades of loudness at the apex are widely held to indicate the presence of mitral 
disease. Nevertheless, it does not, of course, follow that faintness, or indeed absence of a murmur 
excludes an organic lesion. Levine has called attention to the fact that even the loudest organic 
murmur must at first have been of minimal intensity. 

The character of harshness is not as readily distinguishable from mere loudness as is often 
maintained. At slow heart rates the length and timing of systolic murmurs can, however, usually 
be appreciated clinically with fair accuracy. 

Persistence and localization are characteristics still more readily detected. In only 3 subjects 
out of 525 examined were they found together; 2 of these 3 had strong rheumatic histories. The 
murmurs associated with proven mitral lesions are commonly persistent and localized. It is 
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suggested, therefore, that the combination of these qualities affords the most practical grounds 
for suspicion, despite the absence of any other abnormality, that a systolic murmur may indicate 
a minimal mitral lesion. 

In many young adults systolic murmurs, as measured by a constant standard, come and go over 
periods of a few months. These fluctuations are found particularly among the more vigorous and 
robust subjects. 

The loudest and most persistent murmurs, in all areas of localization, occurred in this series in 
the ratio of approximately 3 women to | man. This is slightly greater than the sex selectivity of 
rheumatic heart disease, and might, therefore, be taken to imply that such a murmur is somewhat 
more likely to indicate a rheumatic lesion when heard in a man. 

It is of fundamental importance to avoid causing in the mind of any person found to have a 
slight cardiac murmur any suspicion that his heart be thought abnormal, or even that it might be the 
subject of any special interest. Lack of care in this may cause far greater harm than the occasional 
failure to discover minimal disease. In this series nothing was said of any finding except to the 
man who had the aortic regurgitation. Reasonably, perhaps, advice about dental extractions 
might have been given to two or three more. 


SUMMARY 


Routine examination revealed a systolic cardiac murmur in 179 out of 525 healthy young adults. 

Rheumatic heart disease was diagnosed in one subject and suspected in five. No other cardiac 
disability was suggested by a murmur. 

The variability of systolic murmurs, and the importance of a standard technique of examination 
and investigation, are re-emphasized. Modern views concerning “loudness,” ‘ length,” and 
“ quality ’’ of systolic murmurs are summarized. 

A combination of apical localization with persistence may be a practical indication of early 
mitral disease. Attention is called to the difficulty of obtaining corroboration of any judgment 
concerning an isolated systolic cardiac murmur. 
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K. D. WILKINSON 


Kenneth Douglas Wilkinson was one of the original members of the Cardiac Club when it was 
formed in 1922, a member of the first Council of the British Cardiac Society, and for many years a 
member of the Editorial Board of the British Heart Journal. He died on April 12, 1951, at his home 
in Edgbaston, only a few days before his 65th birthday, having made a recovery from at least two 
cardiac infarcts but later being slowly overwhelmed by a disease that defied all treatment. He bore 
his suffering and faced his end with characteristic fortitude and gaiety, continuing regularly to visit 
the wards until he was too faint to stand. To the last he was thoughtful for his patients and insisted 
on teaching his students, which he did in his own inimitable way. 

Wilkinson and his brothers were brought up by their mother, for their father, Rev. H. C. 
Wilkinson, Vicar of High Leigh in Cheshire, had died when the children were young. The devotion, 
courage, and confidence that she showed had a profound influence on Wilkinson’s character. She 
took a house in Berkhamsted to enable the boys to attend the school there and, some years after- 
ward, moved with her family to Birmingham where Wilkinson qualified as a medical practitioner in 
1909. A year before he had submitted an essay that was awarded the Richards Memorial prize, 
and he had won the senior prize in clinical medicine during his final year. He held resident posts in 
Birmingham at the Queen’s and General Hospitals, took his M.D. in 1912, and was then appointed 
Casualty Officer at the Hospital for Sick Children, Great Ormond Street. His return to Birmingham 
was determined by his appointment to the staff of the Children’s and General Hospitals. Shortly 
afterwards, being a Territorial, he went with the R.A.M.C. to France where he joined G. E. Gask’s 
pioneer unit for the investigation and treatment of thoracic injuries. For his work in this field he 
was mentioned in dispatches and awarded the O.B.E. 

Wilkinson had already shown his interest in cardiovascular disease and had written papers on 
heart block. His work in the Army increased his enthusiasm and, realizing that he needed further 
training if he were to specialize in the subject, he turned once again to London, where for about a 
year he worked with Thomas Lewis. Here the foundation was laid of enduring friendships with 
Lewis, Parkinson, Horder, Bramwell, and many others who had felt Mackenzie’s influence. Once 
back in Birmingham he shared with J. G. Fmanuel the task of providing a cardiological service for 
the Midlands and he was appointed consultant cardiologist to the Birmingham City Hospitals. 
At the Fever Hospital he took a great interest in the effect of diphtheria on the heart, while at the 
Children’s Hospital and at Baskerville Residential School he investigated the natural history of 
rheumatic fever. He summarized his views about rheumatism in the Ingleby Lecture which he 
gave at the University of Birmingham in 1935. He taught from the first that acute rheumatism 
should be treated with massive doses of salicylate, and it gave him much satisfaction that in the last 
few years this view should have been more widely accepted. Believing firmly that salicylates have a 
specific action on the heart he was highly critical of all other remedies, including cortisone. 

When he thought the occasion demanded it, he could be furiously aggressive and fearless in 
criticism, but it was more natural to him to enjoy the humour of life. He was at his best when with 
his friends at the Cardiac Society or at the Pediatric Association. Many will remember hin 
standing with hands deep in pockets, his chest thrust out and his chin tucked in, talking. His 
stance, the broad expanse of waistcoat, his gestures, and the twinkle in his eye had the same at- 
tractiveness as the quick, cheerful confidence of a robin. He loved to tell stories, and he did so 
supremely well. He could be witty in more than one language, and could speak in many dialec's. 

Whether in or out of doors he was usually to be seen with his cine camera or his Leica. He wis 
equally delighted to show off the paces of his Lagonda, to play a game of bridge, golf or billiards, 
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or to talk about sailing, collecting stamps, or keeping bees. He was a man of many interests, a 
most excellent companion, and a generous and thoughtful host. 
For many years, with his friend Whitmore Peck, he collected information about William 


Withering, one of the first physicians at the Birmingham General Hospital. He told something of 


their discoveries on the memorable occasion when members of the Cardiac Society under his chair- 
manship dined at Withering’s house in Birmingham in 1939. Ten years later he expanded this 
material into the St. Cyres lecture at the National Heart Hospital and in 1950, encouraged and 
helped by his wife, he completed and published his excellent biography. The book was enriched 
by reproductions of some of his magnificent collection of contemporary prints. 

In addition to his other obligations Wilkinson formerly held the Chair of Pharmacology and 
Therapeutics at the University and more recently was elected Professor Emeritus. He examined 
at many Universities, he was Senior Physician at the Birmingham United Hospitals, and he ran a 
large consulting practice. A remarkably keen observer, outstanding as a clinician, he was by choice 
conservative, and was bitterly opposed to the new Health Service. 

He was twice married; to Miss Phebe Homewood, a sister at the Queen’s Hospital, who died 
in 1940, and to Dr. Agnes Crozier. His eldest son is a doctor, and his eldest daughter a trained 
nurse. His home was a great source of his happiness, and to the widow and to the seven 


children whom he has left we extend our deepest sympathy. 
C. G. PARSONS 
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PROCEEDINGS OF THE BRITISH CARDIAC SOCIETY 


The THIRTIETH ANNUAL GENERAL MEETING of the British Cardiac Society was held in the 


Zoology Department of the University of Glasgow, on Thursday, May 10, 1951. Chairman: 
J. H. WriGHT. The Chairman took the Chair at 9.30 a.m.; 102 members and 36 visitors were 
present. 


3 


PRIVATE BUSINESS 


. The minutes of the last Annual General Meeting, having been published in the Journal (12, 425, 1950) 


were taken as read and confirmed. 


. The balance sheet for 1950-51 was presented, having been audited and found correct by Maurice Campbell 


and S. Suzman. The credit balance on May 9 was £270 1s. 3d. 


. Sir John Parkinson was elected and acclaimed as an Honorary Member of the Society. 


4. S. Oram was elected Secretary and Treasurer in place of K. Shirley Smith (term of office expired). 


5 


. J. H. Wright and Paul Wood were elected members of the Council in place of Boyd Campbell and 


McMichael (terms of office expired). Even Bedford was elected a member of the Council to fill the 
vacancy occasioned by the death of K. D. Wilkinson, and for the remainder of his term of office. 


. The resignations under Rule 12 of R. Hilton, Skene Keith, and Graham Jones were accepted. 
. The following were elected Extra-Ordinary members: Janet Aitken, R. T. Grant, and H. Wallace-Jones. 


Before proceeding to the election of Ordinary and Associate Members, the Society heard a state- 
ment by the Secretary, Shirley Smith. It had been found by the Council that under the existing rules 
only five ordinary members could be elected and that consequently only six vacancies would occur for 
new associate members. On the other hand, there were nineteen nominations of whom many more than 
six were suitable for election. In these circumstances the Council felt that there should be a revision 
of the rules but that no hurried decision should be made. The Council proposed as interim measures 
that: 

(i) up to ten Ordinary Members might be elected over and above the five allowed by the rules for this 
year; 

(ii) that the maximum number of Associate Members should be increased to sixty (instead of fifty as at 
present) and that up to thirty (instead of twenty) may be elected this year, this number including 
those re-elected; 

(iii) that the views of the Society should be invited by a questionnaire, the results of which would be 
reviewed by the Sub-Committee of the Council appointed to consider the constitution and the 
rules of the Society. 


These proposals were agreed nem con and the following elections were then made. 


8. The following Associate Members were elected as Ordinary Members: 


R. G. Anderson J. R. Hern D. C. Muir 

W. W. Brigden J. C. Hoyle Kemball Price 
T. H. Crozier R. Jones W. R. Snodgrass 
C. J. Gavey B. Morgan 


9. The following were elected Surgical Ordinary Members: 


A. L. d’Abreu and G. A. Mason 


10. The following Associate Members were elected for a further period of three years: 


G. Aitken W. E. Clarke T. E. Gumpert 
R. E. Bonham-Carter D. H. Davies F. M. Hilliard 
E. M. Buzzard J. Gibson Graham A. J. Wilson 
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11. The following new Associate Members were elected and introduced: 


P. H. Davison, Birmingham J. P. D. Mounsey, London G. Thomas, Taplow 

Sheila Howarth, London Florence McKeown, Belfast J. Tulloch, Edinburgh 

J. B. Lowe, London A. S. Rogen, Glasgow G. M. Wilson, Sheffield 

R. M. Marquis, Edinburgh W. Somerville, London A. W. W. B. Woods, London 


12. It was decided that an Autumn meeting should be held in 1951, if possible on October 19. 


13. The Secretary announced that the First Congress of the European Society of Cardiology would be held 
in London from September 9 to 12, 1952. An Organizing Committee had been formed consisting of 
Evan Bedford (a Vice-president of the European Society), Crichton Bramwell, Maurice Campbell. 
S. Oram, Sir John Parkinson, Paul Wood and Shirley Smith (appointed by the Council as Secretary). 


14. The question of the time and place of annual meetings in relation to the Association of Physicians was 
raised and it was decided that this matter should be referred to the sub-committee of the Council con- 
sidering the constitution and rules. 


DISCUSSION ON HEART DISORDERS OF PULMONARY ORIGIN 


Opening Speakers: ‘“‘ Emphysema Heart Failure”: J. MCMICHAEL. “ Right Ventricular 
Failure in Pneumokoniosis ”: A. J. THOMAS. ‘‘ Pulmonary Hypertension’: PAUL Woop. 


J. McMIcHAEL. Emphysema is probably the commonest cause of pulmonary heart failure. 
In post-mortem material right ventricular hypertrophy and failure occurs with about a quarter the 
frequency of hypertensive left ventricular failure. Pulmonary hypertension in emphysema is not 
clearly related to any clinical or laboratory measurement of the severity of emphysema such as 
residual air and maximum breathing capacity. Pulmonary hypertension and right heart failure 
are particularly apt to develop during exacerbations of bronchitis when the asphyxia becomes 
intensified. Reduction in number of alveolar capillaries plays little part except perhaps in reducing 
expansibility of the lung vascular bed during exercise. Severe pulmonary hypertension has been 
observed with bronchiolitis alone where necropsy has shown no loss of alveolar walls. The 
physiological reaction to local oxygen lack may play some part in producing pulmonary vasocon- 
striction but this is not the whole story as full oxygenation only produces partial relief of pulmonary 
hypertension. Between attacks of bronchitis pulmonary hypertension may disappear with restora- 
tion of normal pressures, diminution of heart size, and clinical recovery. Digitalis produced no 
significant change in cardiac output in seven cases but there was a slight increase in right ventricular 
pulse pressure. Clinical results from this drug remain disappointing. 

This material will be published by J. P. D. Mounsey, L. W. Ritzmann, N. J. Selverstone, W. A. 
Briscoe, and G. McLemore. 


A. J. THomas. These remarks are restricted, in the main, to the state of the heart in coal- 
workers’ pneumokoniosis. Estimates place the number of men affected in South Wales at about 
40,000; the prevalence in the country generally is much less. Some 20 per cent of these are dis- 
abled and will eventually die of the disease; of those dying of the disease 50 per cent will have 
evidence of right heart involvement. 

There are two disease processes—simple pneumokoniosis and progressive massive fibrosis; 
in the former the heart is usually normal, in the latter cardiac involvement is common. The 
cardiac phase appears late, and is an exacerbation of the pulmonary phase with the addition of an 
increased heart rate at rest and on exercise, splitting of the second sound over the lower sternum, 
discomfort on pressure over the liver margin, marked respiratory variation in the electrocardiogram 
and an increase in the S wave with decrease in R wave in V6 and less often increase of the R wave in 
Vl. Ihave found the presence of an R! wave over 4 mm. in a lead from the third interspace above 
V2 of value in detecting right ventricular hypertrophy when there is no conduction defect. There is 
vertical elongation and narrowing of the heart shape and, on screening in the right anterior oblique 
position, detection of the prominence of the outflow tract of the right ventricle is important. 
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Determination of the ventricular weights in eighty cases has shown that if the man with pro- 
gressive massive fibrosis lives long enough to die of right heart failure, he will have reversed the ratio 
of the weights of the ventricles, the right being now much heavier than the left ventricle in weight. 
The electrocardiogram does not change until the right ventricle equals the left ventricle in weight. 
Injection studies have shown a most impressive increase of blood supply to the hypertrophied right 
ventricle. 

Cyanosis is present, but is less marked than in the heart failure of pure emphysema, the average 
oxygen saturation in the advanced cases being 80 per cent or higher. In the last stages of the 
progressive massive fibrosis exacerbations and intercurrent infections often occur and precipitate 
full right heart failure. The mean age at death of the unselected series was 58 years and 50 per 
cent died with right ventricular failure. 


PAUL Woop. This contribution to the opening discussion is to be published in full later in 
the British Heart Journal. 

The opening papers were followed by a discussion to which contributions were made by Boyp 
CAMPBELL, LENDRUM, EAST, PEARSON, ARNOTT, LEWIs, and GOODWIN. 


SHORT COMMUNICATIONS 
THE PATHOLOGY OF PULMONARY HEART DISEASE 


By FLORENCE McKeown. An analysis is presented of 111 cases of right ventricular hyper- 
trophy occurring in association with pulmonary disease. They are classified according to their 
etiology in which it is seen that in our material emphysema is the most frequent cause. The cases 
to be considered fall into three groups, first, those in which an obvious pulmonary vascular 
lesion is the cause of the right ventricular hypertrophy, namely arteritis, tumour embolism, and 
chronic pulmonary embolism; secondly, those cases of right ventricular hypertrophy where no 
pathological change could be found in the pulmonary vessels nor in the lung tissues, so-called 
primary pulmonary hypertension. Emphysema is considered in the third group, where it is difficult 
to find a correlation between the degree of vascular change and the presence or absence of right 
ventricular hypertrophy. Emphasis is placed upon the obliterative lesions in the capillary bed, 
which are believed to be of greater importance in lowering the pulmonary reserve and raising the 
pulmonary pressure than the changes observed in the small vessels. 

Finally, a study of the age change in the pulmonary vascular tree shows that sclerosis is constant 
in the later decades in normal control material and this should be taken into consideration before 
accepting vascular lesions in general as the morphological basis for right ventricular hypertrophy. 


ANASTOMOSES BETWEEN THE BRONCHIAL AND PULMONARY ARTERIES IN HEART FAILURE 
OF PULMONARY ORIGIN 


By J. C. GILRoy, P. MARCHAND and V. H. WILSON (introduced). Macroscopic and precapillary 
anastomoses exist between the bronchial and pulmonary arteries. Whereas in health only a very 
few of these anastomoses are patent and therefore demonstrable by injection techniques, they are so 
numerous and dilated in morbid states as to form a prominent anatomical feature of the prepara- 
tion. Anatomical studies have shown that the true bronchial veins terminate in the pulmonary 
veins Or enter the left atrium directly. In emphysema the bronchial venous network has been shown 
to be greatly hypertrophied and dilated. 

In health only an occasional anastomoses is patent and therefore blood circulates from the 
plmonary artery through the alveolar capillaries into the pulmonary vein. Where respiratory 
di-ease is present and anastomoses are patent and dilated a proportion of the blood flow may traverse 
hese anastomoses in either direction. 

In three cases an atelectatic lung was resected, the remaining lung tissue being healthy. Blood 
sampling was performed from the pulmonary arteries during operation after all adhesions between the 
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visceral pleura and the chest wall had been divided. The presence of systemic arterial blood in the 
pulmonary artery supplying the atelectatic lung tissue proximal to the site of ligation, both before 
and after tightening of the ligature, was revealed; the remainder of the pulmonary arterial tree con- 
tained mixed venous blood. Subsequent injection of the resected lung demonstrated patent and 
dilated anastomoses throughout the specimens. None of these patients suffered from cardiac 
failure or cyanosis and their pulmonary arterial pressures were within normal limits. It is considered 
that in these cases a bronchial to pulmonary shunt took place. 

Patients who suffered from atelectatic lungs, but who also had pathological changes in the 
remaining lung tissue, exhibited the clinical picture of cor pulmonale with episodes of cyanosis, 
heart failure, and hyperdynamic circulation: In these patients the pulmonary arterial pressure was 
raised and the entire pulmonary arterial tree contained mixed venous blood. The question arose 
as to whether a shunt of blood from the pulmonary to the bronchial artery and thence via the 
bronchial veins to the pulmonary veins and the left side of the heart was not a possibility in these 
patients. Supposed differences between the pressures in the pulmonary and bronchial arteries of 
these patients were not considered a valid objection to such a shunt. 

Post-mortem injection of the bronchial arteries displayed striking differences between normal 
lungs and those of patients who had died from heart failure due to generalized respiratory disease. 
In normal lungs the bronchial arteries penetrated well into the substance of the lung and branches 
could be distinguished to the pulmonary segments. In specimens of fibrotic lungs with bronchiectasis 
and emphysema the bronchial arteries were large vessels and communicated freely with the pul- 
monary arteries which were extensively filled on injection of the bronchial arteries. In one case of 
uncomplicated emphysema the bronchial arteries were smaller than normal and did not penetrate 


well into the lung. Subsequent injection of the pulmonary arteries with vinylite revealed that‘ 


anastomoses were patent distal to the area of penetration of the bronchial arterial injection. 

Angiograms of the pulmonary arteries of patients suffering from cor pulmonale exhibited the 
“* pruning” effect, perhaps due to blood finding its way through the lung by an abnormal route. 
This would not only explain the radiological picture, but would accord with the clinical picture of the 
hyperdynamic circulation, high cardiac output, and varying degrees of cyanosis from time to time. 
The dye cleared from abnormal lungs as quickly as it did from normal lungs and this is against 
obstruction being the sole explanation, as has been suggested. 

The numerous anastomoses in aggregate could divert an appreciable amount of blood. An 
anatomical pathway by which such a shunt is possible from the right to the left side of the heart 
without traversing the alveoli has been demonstrated. This possibility merits consideration and 
further investigation because, if proved, it might explain many hitherto anomalous features of heart 
disease of pulmonary origin. 


FURTHER OBSERVATIONS ON THE VECTORCARDIOGRAM IN HEALTH 


By JOHN SHILLINGFORD and WALLACE BRIGDEN. The vectorcardiogram of healthy subjects has 
been constructed by integrating pairs of simultaneous scalar electrocardiograms into vector loops of 
the three planes as shown in a previous paper (Brit. Heart J., 13, 233). Theoretical standard and 
unipolar chest leads have been reconstructed from the loops and found to resemble closely the 
actual lead patterns obtained by the conventional method. 

Observations of the effect of breathing and change of posture showed that inspiration causes a 
downward and backward movement of the loop. A similar reorientation of the loop was obtained 
by a change from horizontal to vertical posture. 


CONSISTENCY IN CONVENTION OF SIGN IN ELECTROCARDIOGRAPHY AND 
VECTORCARDIOGRAPHY 
By D. ROBERTSON. Published works on cardiography and vectorcardiography show evidence 
of confusion of sign; publications by Goldberger, Hill, Macleod, Paul White, and East and Bain 
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are quoted. Itis demonstrated that relative positivity of the left-arm electrode (for Lead I position) 
determines upward deflection of the galvanometer string, and in such conditions the P, R, and T 
waves appear upright in the finished record. 

The matter of polarity in unipolar lead electrocardiography is examined, and a theory, that 
reconciles the early “‘ negativity hypothesis ” with the bipolar theory of Wilson is proposed; this 
theory stresses the dynamic character of the electrical activity of the heart. 

The consistency of present agreed conventions of sign is emphasized, and possible reasons for 
present and past confusion are given. 

The general, and later the exact numerical, relations between the unipolar and bipolar limb leads 
are examined and discussed; the ‘“ hexaxon”’ system of co-ordinates to correlate all leads is 
proposed; and an argument for the reversal of sign of unipolar lead VR is put forward. 

These arguments are developed and applied to vectorcardiography, and several reasons for 
favouring “ positive’ convention of sign are discussed. The “‘ negative’ conventions of Mila- 
vanovich and of Duchosal are criticized. 

Further aspects of vectorcardiography as they may affect convention of sign are examined, and 
the spatial vectorcardiogram receives brief consideration; it is pointed out that the same principles 
hold in spatial vectorcardiography as in that confined to the frontal plane only. 


THE EFFECT OF EXTERNAL RESISTANCES ON THE EXTREMITY POTENTIALS 


By A. J. V. CAMERON (introduced). In a series of 50 cases a comparison has been made of 
the ordinary and augmented extremity potentials using both the Wilson and Goldberger types of 
central terminal. 

The original Wilson method of recording the ordinary extremity potential with a common 
electrode for central terminal and exploring connections is unsatisfactory as it usually registers only 
a fraction of the actual potential. Ordinary and augmented potentials taken with a Goldberger 
terminal frequently fail to satisfy the theoretical relationship which should obtain between them. 
They also differ significantly in many cases from the equivalent leads taken with a Wilson terminal. 
The most consistent results are achieved by using the Wilson terminal with an additional exploring 
electrode for the ordinary extremity potential, or by adopting the Goldberger principle of aug- 
mentation and retaining the resistances of 5000 ohms in the branches of the terminal. 

Experimentally it can be shown that with the string galvanometer a difference of 5000 ohms 
between the two central terminal connections can alter completely the form of the augmented 
extremity potential. Thus aVR may be changed to an inverted lead I or an inverted lead II, aVL 
to an upright lead I or an inverted lead III, and aVF to an upright lead II or an upright lead III. 
In practice the inclusion of fixed resistances in the central terminal minimizes the distorting effect of 
any inequalities in skin-electrode or body resistance which may occur. 


THE DIFFERENTIATION OF CARDIAC ISCHAMIA AND CARDIAC INFARCTION 


By A. A. F. PEEL. Clinical and cardiographic findings in coronary disease are at times mis- 
leading. On the one hand they may suggest myocardial infarction while the subsequent course and 
later investigation point to simple ischemia and fail to reveal evidence of an infarct scar. On the 
other hand they may point to simple ischemia in a case in which an infarct is in process of develop- 
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\n illustrative case of the first group is described—a male of 59 with the clinical and cardio- 
graphic features of antero-septal infarct; 7 weeks later the cardiographic findings suggested ischemia 
on!y, while 9 months later the patient was symptom-free and cardiographic exploration was nega- 
ti Other similar cases have been observed, two of which are briefly quoted. 

\n illustrative case of the second group is described—a woman of 59 who had two attacks 
severe cardiac pain one afternoon lasting 15 and 35 minutes respectively, and subsiding 
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spontaneously; the cardiogram showed the changes of ischemia without positive evidence of infarc- 
tion. Thirty-six hours later she had a major attack lasting two hours, and on recovery from this she 
was limited by dyspneea on exertion while the cardiogram was typical of extensive anterior myocardia!| 
infarction. Reference is made to two other cases of this type, and the frequency of prodroma! 
attacks in coronary occlusion is stressed. When such cases can be recognized before their major 
attack, anticoagulants seem to be strongly indicated. The differentiation between cases of cardia: 
ischemia who are, and those who are not developing an infarct may be difficult, but it is suggested 
that blood examination, and particularly the “ heparin-retarded coagulation time ” may help. 


POSTERO-LATERAL MYOCARDIAL INFARCTION 


By J. A. TULLocH. During the past two years a particular electrocardiographic pattern of 
coronary thrombosis has been recognized and correlated at necropsy with infarction of the postero- 
lateral aspect of the heart. In one acute case, leads taken from the back of the chest have demons- 
trated the infarcted area, but in old cases, such leads have been less conclusive. The features of the 
pattern are: (1) diagnostic changes of infarction in the left-arm unipolar lead and in standard 
lead I; (2) reciprocal changes in the chest leads, particularly high T-waves; and (3) in certain cases, 
a preponderance of R in VI. The pattern is uncommon and is not found in all cases of postero- 
lateral infarction, as was demonstrated in one recent necropsy. 


DIAGNOSIS OF PERICARDIAL EFFUSION BY MEANS OF CARDIAC CATHETERIZATION 


By PauL Woop. In a series of over 300 cardiac catheterizations it has been customary to 
enter the right ventricle by means of the coil technique. This consists of entering the right auricle 
with the catheter tip directed laterally, and forming a half-loop in the right auricle so that the catheter 
tip rides up the lateral aspect of the right auricular wall, and then rotating the loop medially. The 
object of this is to ensure that the catheter is directed upwards as it passes through the tricuspid 
valve, so that it readily enters the pulmonary artery. Using this technique it has been consistently 
noted that when the tip of the catheter lies against the right auricular wall, no opacity can been seen 
between it and the lung field, the wall of the right auricle being too thin to show. It was thought 
that this fact might prove helpful in the diagnosis of pericardial effusion, for if there was an 
appreciable amount of fluid in the pericardial sac, a significant band of opacity should appear 
between the catheter tip as it lies against the right auricular wall and the right lung field. 

During the last two years, 15 cases in which the presence or absence of pericardial effusion was 
uncertain radiologically, were studied in this way with clear-cut results. When there was no 
effusion there was no difficulty in placing the catheter tip against the lateral wall of the right auricle 
even when an aneurysm of that chamber was present. In the presence of effusion a wide band of 
opacity was seen beyond the catheter tip. Ina number of such cases, 5 ml. of diodone were injected 
to outline the right auricular wall. This gave a very good idea of the size of the effusion. The 
only condition in which rather similar appearances were seen in the absence of pericardial effusion 
was dilatation of the left auricle usually from mitral stenosis or incompetence. These cases were 
easily recognized clinically, the appearance of the left auricular border when it overlaps or extends 
beyond the right auricular shadow in the postero-anterior skiagram being characteristic and well 
known. 


VENTRICULAR WEIGHT IN CARDIAC HYPERTROPHY 


By R. M. FuLton and E. C. HUTCHINSON (introduced) and A. MorGAN Jones. Estimation of 
ventricular hypertrophy by total heart weight or by thickness of the ventricular walls at necropsy may 
be misleading, particularly in minor degrees of right ventricular hypertrophy. The only satis- 
factory way is by separation of the ventricles and separate weighing, but methods hitherto described 
are tedious and difficult. 
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A technique of dividing the heart into the free wall of right and left ventricle and septum is 
described. A series of 135 hearts are clinically classified as normal, or as showing primary hyper- 
trophy of the right or of the left ventricle. The weights of the separate parts of the myocardium 
in these cases correlate well with clinical expectations. Normal values and criteria for right and 
left ventricular hypertrophy are given. 

It is found that in acquired heart disease, the septum is significantly hypertrophied only in left 
ventricular hypertrophy and as the separation of septum and left ventricle is technically difficult, it 
is considered sufficiently accurate for routine purposes to separate only the free wall of the right 
ventricle from the rest of the myocardium. 

The results are used to illustrate the inadequacy of total heart weight as an index of isolated right 
ventricular hypertrophy and to demonstrate the increase in right ventricular weight that follows 
left ventricular failure. 


THORACIC AORTOGRAPHY 


By S. HAASE (introduced). Thoracic aortography by arterial catheterization and direct injection 
of the contrast medium (diodone, 70%) into the aorta (Radner, 1947) provided detailed anatomical 
studies of the vascular malformation in such conditions as coarctation of the aorta and patent 
ductus arteriosus, permitting accurate preoperative estimation of the site and type of the coarcta- 
tion, the length of the stenosed segment, etc. Such information is not readily obtained by the usual 
methods of angiocardiography (Robb and Steinberg, 1938) mainly due to dilution of the contrast 
medium by the time it reaches the left side of the heart. The method involves no greater technical 
difficulty and is especially valuable where only simple radiological equipment is available. The 
results of thoracic aortography in two cases of coarctation of the aorta are presented. 


CoLouR FILMS 


““ Movements of the Heart Valves,” by I. K. R. MCMILLAN (introduced) and R. DALEY. 
‘ Diaphragmatic Flutter,” by C. BAKER. ‘“‘ Diaphragmatic Flutter,”’ by F. JACKSON and W. EvANs. 


SPLITTING OF THE SECOND HEART SOUND IN HEALTH 


By A. LEATHAM and M. Towers (introduced). Splitting of the second heart sound in the pul- 
monary area was heard and recorded in each of twenty unselected consecutive healthy subjects of 
whom ten were children and ten were young adults. In some the splitting was only heard during 
inspiration, and in all the splitting was greatest in this phase of respiration. Synchronous phono- 
cardiograms at the apex and in the pulmonary area were used to differentiate the two components 
of the second sound. They showed that the pulmonary component always followed the aortic 
component and that in every instance the splitting appeared or increased during inspiration from 
delay in the pulmonary component. During inspiration the width of the splitting averaged 
0:05 sec. with a minimum of 0-02 sec. and a maximum of 0-08 sec. 

In conclusion, delay during inspiration of the pulmonary component can be used clinically to 
identify this part of the second sound and to differentiate it from other sounds such as the “ opening 
snap” of the mitral valve. 


ELECTROKYMOGRAPHY 


By L. Davies and G. R. VENNING (introduced). The electrokymograph is an apparatus which 
translates the movement of the heart and great vessels into a linear tracing. Heart sounds and 
¢ ectrocardiograms have been recorded simultaneously using a Sanborn four-channel direct writing 
apparatus. Multiple tracings from the heart border in various positions and from the pulmonary 
artery and aortic knuckle have been recorded in 50 normal subjects and 25 with various forms of 
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heart disease. Pulmonary artery and aortic kymograms resemble arterial pulse tracings, and 
detailed time relations have been studied with reference to the electrocardiogram. The wide 
variation in the pattern obtained from the left ventricular border in different subjects and from 
different parts of the ventricle in the same subject has been illustrated. A standard procedure has 
been developed in which three tracings are obtained from the left ventricular border with the subject 
in each of three positions. Points on the so-called “* typical ” electrokymogram selected by previous 
workers for detailed analysis in fact bear only an approximate relation to the corresponding events 
in the cardiac cycle and tracings from certain normal subjects show such a wide variation that an 
incorrect interpretation of paradoxical pulsation might be made. Positional changes such as rota- 
tion, change in shape during systole and possibly pendular movement play a major part in deter- 
mining the form of the ventricular electrokymogram. 


THE CLINICAL INVESTIGATION OF DIHYDROGENATED ALKALOIDS OF 
ERGOT IN HYPERTENSION 


By D. F. Grpss (introduced). A mixture of equal parts of dihydroergocristine, dihydroergo- 
cornine and dihydroergokryptine (hydergine—Sandoz) was administered by intravenous injection to 
50 hypertensive patients. In all the blood pressure fell: in those with good renal function and 
minimal arteriosclerosis (41 cases) the average fall was from 189/113 to 153/93; in patients with 
poor renal function or arteriosclerosis, or both, the average fall was from 232/126 to 212/115. In 
three cases with malignant hypertension the average fall was from 246/146 to 193/114. Response 
to the cold pressor test was diminished. Thirteen patients were treated by combined oral and 
parenteral means; in 10 the blood pressure fell significantly and these had good renal function and 
little arteriosclerosis; in 10 symptoms were relieved by hydergine, but not by the inert control 
substance; side effects were nasal congestion in 10 patients, mild drowsiness in 6, and nausea in one. 








Abré 
Alin 
Arn 


Bain 
Bard 
Bedf 
Brau 
Brig 











INDEX OF AUTHORS 


A 


Abrahams, D. G. (and Paul Wood): Pulmonary stenosis with normal aortic root. 519. 

Alimurung, M. M. (and R. M. Smith): Electrocardiographic studies during operation for coarctation of the aorta. 203. 

Arnott, W. M. (and A. G. W. Whitfield, D. G. B. Richards, and J. A. H. Waterhouse): The lung volume in low 
output cardiac syndromes. 381. 


B 


Bain, C. W. Curtis: The cesophageal lead. 485. 

Bardin, P. (and T. Doliopoulos): Hypertonic salt solution intravenously as a test for coronary disease. 353. 
Bedford, D. Evan: The ancient art of feeling the pulse. 423. 

Braun, K. (and C. H. Fryd): The effect of priscol on the peripheral venous pressure. 294. 

Brigden, W. (and J. Shillingford): The vectorcardiogram in 100 healthy subjects. 233. 


Cc 
Campbell, Maurice: A. G. Gibson. 255. 
—: Visible pulsation in relation to blood flow and pressure in the pulmonary artery. 438. 
Coakley, J. B.: Congenital absence of the right branch bundle of His. 148. 
Cosh, J. A.: Paroxysmal nodal tachycardia with retrograde heart block. 74. 


D 


Darwish, A. E. (and M. H. Ghanem): Hydatid heart disease with paroxysmal tachycardia. 109. 

De Groot, J. W. C.: Bilateral superior vene cave accompanied by patent ductus arteriosus. 403. 

Dewar, H. A. (and T. A. Grimson): Further experience with khellin in angina of effort. 348. 

Doliopoulos, T. (and P. Bardin): Hypertonic salt solution intravenously as a test for coronary disease. 353. 
Dressler, W. (and H. Roesler, and H. Lackner): The significance of notched upright T waves. 496. 


E 


East, Terence (and M. Holt, and S. Oram): CEsophageal and other leads in posterior cardiac infarction. 475. 
Elsherif, A. (and M. Alimurung, and A. Sorour): Splenic enlargement in congestive heart failure. 212. 
Evans, William: The effect of deep inbreathing in lead III in the electrocardiogram. 457. 


F 


Field, E. J.: Development of the conducting system in the heart of sheep. 129. 

Fisher, H. (and O. C. Lloyd): A case of anomalous left coronary artery. 406. 

Fox, E. G.: Rheumatic pericarditis in early childhood. 9 

Fryd, C. H. (and K. Braun): The effect of priscol on the peripheral venous pressure. 294. 


G 


Ghanem, M. H. (and A. E. Darwish): Hydatid heart disease with paroxysmal tachycardia. 109. 
Gillanders, A. D.: Nutritional heart disease. 177. 
Goetz, R. H.: A new angiocardiographic sign in patent ductus arteriosus. 242. 
Goldberger, E.: Methods for measuring the resistance at any point on the body for equalizing inequalities of skin 
resistance. 549. 
Goodwin, J. F. (and E. Petrie): Insidious thrombosis of the abdominal aorta. 554. 
Gray, I.: Endocardial fibrosis. 
(and J. F. Stokes, and E. J. Stokes): Actinomyces muris endocarditis treated with chloramphenicol. 247. 
Grayson, J.: Cold and warmth vasoconstrictor responses in the skin of man. 167. 
Griffiths, G. J. (and A. P. Hayhurst, and R. Whitehead): Dissecting aneurysm of the aorta in motherandchild. 364. 
Grimson, T. A. (and H. A. Dewar): Further experience with khellin in angina of effort. 348. 
Grishman, A. (and M. G. Steinberg, and I. G. Kroop): The variability of ventricular potentials at the diaphragmatic 
level of the ceesophagus. 369. 


H 


Hartley, R. (and G. L. Robinson): Acute bacterial endarteritis. 106. 

Hayhurst, A. P. (and G. J. Griffiths, and R. Whitehead): Dissecting aneurysm of the aorta in mother and child. 364. 
Hi nderson, C. B. (and W. G. A. Swan): Peripheral gangrene in myocardial infarction. 68. 

Holt, M. (and S. Oram, and Terence East): CEsophageal and other leads in posterior cardiac infarction. 475. 


577 











578 INDEX OF AUTHORS 


I 


Ibrahim, M. A. (and A. Sorour, and A. Elsherif): Splenic enlargement in congestive heart failure and active rheumatic 
infection. 212. 


J 


Jackon, F.: The radiology of acute pulmonary cedema. 503. 

Jeanneret, P.: Clinical measurement of the electrical resistance of a patient.. 43. 
Johnstone, M.: General anesthesia and cardiac inhibition. 

Jones, Morgan (and E. G. Wade): Cardiac infarction with pain confined to effort. 319. 


K 


Kilpatrick, J. A.: Electrocardiographic changes in chronic cor pulmonale. 309. 

Kopelman, H.: Circulation time as a clinical test. 301. 

Kroop, I. G. (and M. F. Steinberg, and A. Grishman): The Variability of ventricular potentials at the diaphragmatic 
level of the cesophagus. 369. 


L 


Lackner, H. (and W. Dressler, and H. Roesler): The significance of notched upright T waves. 496. 
Leatham, A.: The phonocardiogram of aortic stenosis. 153. 

Leys, Duncan: Tuberous Xanthomatosis. 32. 

Lloyd, O. C. (and H. Fisher): A Case of anomalous left coronary artery. 406. 

Lodge-Patch, I.: Ageing of cardiac infarcts and its influence on cardiac rupture. 37. 


M 


MacGregor, A. G. (and E. J. Wayne): Fluorescein test of circulation time in peripheral vascular disease. 80. 

Marquis, R. M.: Unipolar electrocardiograms in pulmonary stenosis. 89. 

McAllen, P. M.: Electrocardiograms associated with low levels of serum potassium. 159. 

McMichael, J. (and J. P. D. Mounsey): A complication following coronary sinus and cardiac vein catheterization 
in man. 397. 

Miles, B. E.: Clinical significance of gallop rhythm in hypertension. 327. 

Miller, H. (and G. M. Wilson): Measurement of blood flow by the local clearance of radioactive sodium. 227. 

Mills, P. (and M. Philpott): Myxoma of the heart with neurological signs. 115 

Mounsey, J. P. D.: Prodomal symptoms in myocardial infarction. 215. 

—— (and J. McMichael): Complication following coronary sinus and cardiac vein catheterization in man. 397. 


oO 
Oram, S. (and M. Holt, and Terence East): CEsophageal and other leads in posterior cardiac infarction. 475. 


\ 


Parsons, C. G.: K. D. Wilkinson. 566. 

Papp, C. (and K. Shirley Smith): Electrocardiographic patterns in slight coronary attacks. 17. 

—— (and K. Shirley Smith): Prevention of impending cardiac infarction by anticoagulant treatment. 467. 
Patterson, S. W.: H. J. Starling. 258. 

Petrie, E. (and J. F. Goodwin): Insidious thrombosis of the abdominal aorta. 554. 

Philpott, M. (and P. Mills): Myxoma of the heart with neurological signs. 115. 

Price R. Kemball: First effort angina: Second wind in angina pectoris. 197. 

Pyke, D. (and C. Symons): Calcification of the aortic valve and coronary arteries. 355. 


R 


Richards, D. G. B. (and A. G. W. Whitfield, W. M. Arnott, and J. A. H. Waterhouse): Lung volume in low output 
cardiac syndromes. 381. 

Robertson, R. F.: Interlobar hydrothorax in cardiac failure. 112. 

Robinson, G. L. (and R. Hartley): Acute bacterial endarteritis. 106. 

Roesler, H. (and W. Dressler, and H. Lackner): The significance of notched upright T waves. 496. 

Ross, D. N.: Theophylline-ethylenediamine in the measurement of blood circulation-time. 56. 


S 


Sherlock, Sheila: The Liver in heart failure: Relation of anatomical, functional, and circulatory changes. 273. 

Shillingford, J. (and W. Brigden): The vectorcardiogram in 100 healthy subjects. 233. 

Smith, K. Shirley (and C. Papp): Electrocardiographic patterns in slight coronary attacks. 17. 

—— (and C. Papp): The prevention of impending cardiac infarction by anticoagulant treatment. 467. 

Smith, R. M. (and M. M. Alimurung): Electrocardiographic studies during operation for coarctation of the aorta. 203. 

Sorour, A. (and M. M. Alimurung, and A. Elsherif): Splenic enlargement in congestive heart failure and act've 
rheumatic infection. 212. 

Spillane, J. D.: The heart in myotonia atophica. 343. 





Steir 


»tew 
Stok 
Stok 
Stor: 
Stott 
wal 
Symi 
Szila 


Tara 
Thor 


Vere 


Wad 
Wate 


Way: 
Well 
Whit 
Whit 
Whit 


Wils 


Woo 











INDEX OF AUTHORS 579 





steinberg, M. G. (and I. G. Kroop, and A. Grishman): Variability of ventricular potentials at the diaphragmatic 
level of the cesophagus. 
stewart, I. McD. G.: Systolic murmurs in 525 healthy young adults. 561. 
Stokes, E. J. (and J. F. Stokes, and I. Gray): Actinomyces muris endocarditis treated with chloramphenicol. 247. 
Stokes, J. F. (and I. Gray, and E. J. Stokes): Actinomyces muris endocarditis treated with chloramphenicol. 247. 
Storstein, O.: Incipient symmetrical peripheral gangrene complicating pneumonia. 411 
Stott, Arnold: Maurice Cassidy. 252. 
Swan, W. G. A. (and C. B. Henderson): Peripheral gangrene in myocardial infarction. 68. 
Symons, C. (and D. Ht ea Calcification of the aortic valve and coronary arteries. 353. 
Szilagyi, N. (and L. M. Taran): The Q-T interval in rheumatic disease in children. 10. 


T 


Taran, L. M. (and N. Szilagyi): The Q-T interval in rheumatic disease in children. 10. 
Thomas, A. J.: Right ventricular hypertrophy in the pneumoconiosis of coalminers. 1. 
V 
Verel, D.: Postural hypotension: The localization of the lesion. 61. 
Ww 
Wade, E. G. (and Morgan Jones): Cardiac infarction with pain confined to effort. 319. 
Waterhouse, J. A. H. (and D. G. B. Richards, A. G. W. Whitfield, and W. M. Arnott): The lung volume in low 
output cardiac syndromes. 381. 
Wayne, E. J. (and A. G. MacGregor): Fluorescein test of circulation time in peripheral vascular disease. 80. 
Weller, S. D. V.: Complete A-V dissociation in acute rheumatism. 102. 
White, Paul D.: Sir John Parkinson: An Appreciation. 421. 
Whitehead, R. (and G. J. Griffiths, and A. P. Hayhurst): Dissecting aneurysm in mother and child. 364. 
Whitfield, A. G. W. (and D. G. B. Richards, W. M. Arnott, and J. A. H. Waterhouse): The lung volume in low 
output cardiac syndromes. 381. 
Wilson, G. M. (and H. Miller): The measurement of blood flow by the local clearance of radioactive sodium. 227. 


—: Peripheral circulatory changes associated with arteriovenous aneurysms. 334 
Wood, Paul (and D. G. Abrahams): Pulmonary stenosis with normal aortic root. 549. 











INDEX OF SUBJECTS 


A 


Abstracts of cardiology. 118, 262 and 415. 

Abdominal aorta, Insidious thrombosis of the (J. F. Goodwin and E. Petrie). 554. 

Actinomyces muris endocarditis treated with chloramphenicol (J. F. Stokes, I. R. Gray, and E. J. Stokes). 247. 
Acute bacterial endarteritis (G. L. Robinson and R. Hartley). 106. 

Acute rheumatism, Complete A-V dissociation in (S. D. V. Weller). 102. 

Ageing of cardiac infarcts and its influence on cardiac rupture (I. Lodge-Patch). 37. 

Ancient art of feeling the pulse (D. Evan Bedford). 423. 

Aneurysm of the aorta in mother and child, Dissecting (G. J. Griffiths, A. P. Hayhurst, and R. Whitehead). 364, 
Angina of effort, Further experience with khellin in (H. A. Dewar and T, A. Grimson). 348. 

Angina pectoris, First effort angina: second wind in (R. Kemball Price). 197. 

Angiocardiographic sign in patent ductus arteriosus, A new (R. H. Goetz). 242. 


Anticoagulant treatment, Prevention of impending cardiac infarction by (K. Shirley Smith and Cornelio Papp). 467. 


Aortic stenosis, Phonocardiogram of (Aubrey Leatham). 153. 

Aortic valve and coronary arteries, Calcification of the (D. Pyke and C. Symons). 355. 
Arteriovenous aneurysms, Peripheral circulatory changes associated with (G. M. Wilson). 334. 
A-V dissociation in acute rheumatism (S. D. V. Weller). 102. 


B 


Bacterial endarteritis, Acute (G. L. Robinson and R. Hartley). 106. 

Bilateral superior vene cave accompanied by patent ductus arteriosus (J. W. C. DeGroot). 403. 

Blood circulation-time, Theophylline-ethylenediamine in the measurement of (D. N. Ross). 56. 

Blood flow and pressure in the pulmonary artery, Visible pulsation in relation to (M. Campbell). 438. 

Blood flow by the local clearance of radioactive sodium, Measurement of (H. Miller and G. M. Wilson). 227. 
British Cardiac Society, Proceedings. 569. 

Bundle of His, Congenital absence a the right branch of the (J. B. Coakley). 148. 


C 


Calcification of the aortic valve and of the coronary arteries (D. Pyke and C. Symons). 355. 
Cardiac failure, Interlobar hydrothorax in (R. F. Robertson). 


Cardiac infarction by anticoagulant treatment, Prevention of impending (K. Shirley Smith and Cornelio Papp). 467. 


Cardiac infarction with pain confined to effort (E. G. Wade and Morgan Jones). 319. 

Cardiac infarcts, and its influence on cardiac rupture, The ageing of (I. Lodge-Patch). 37. 

Cardiac infarction, Esophageal and other leads in posterior (Terence East, S. Oram, and M. Holt). 475. 
Cardiac inhibition, General anesthesia and (M. Johnstone). 47. 

Cassidy, Maurice (Arnold Stott). 252. 


Catheterization in man, A complication following coronary sinus and cardiac vein (J. McMichael and J. P. D. 


Mounsey). 397. 
Chloramphenicol, Actinomyces muris endocarditis treated with (J. F. Stokes, I. R. Gray, and E. J. Stokes). 247. 
Circulation time as a clinical test (H. Kopelman). 301. 
Circulation time in peripheral vascular disease, Fluorescein test of (A. G. MacGregor and E. J. Wayne). 80. 
Clinical measurement of the electrical resistance of a patient (P. Jeanneret). 


Coarctation of the aorta, Electrocardiographic studies during operation for (M. M. Alimurung and R. M. Smith). 203. 


Cold and warmth vasoconstrictor responses in the skin of man (J. Grayson). 167. 
Complete A-V dissociation in acute rheumatism (S. D. V. Weller). 102. 


Complication following coronary sinus and cardiac vein catheterization in man (J. McMichael and J. P. D. 


Mounsey). 397 
Conducting system in the heart of sheep, Development of the (E. J. Field). 129. 
Congenital absence of the right branch of the bundle of His (J. B. Coakley). 148. 


Congestive heart failure and active rheumatic infection, Splenic enlargement in (M. Ibrahim, A. Sorour, and A. 


Elsherif). 212. 
Coronary arteries, Calcification of the aortic valve and (D. Pyke and C. Symons). 355. 
Coronary artery, Case of anomalous left (H. Fisher and O. C. Lloyd). 
Coronary attacks, Electrocardiographic patterns in slight (Cornelio Papp and K. Shirley Smith). 17. 
Coronary disease, Hypertonic salt solution intravenously as a test for (P. Bardin and T. Doliopoulos). 353. 


Coronary sinus ‘and cardiac catheterization in man, A complication following (J. McMichael and J. P. D. 


Mounsey). 397. 
Cor pulmonale, Electrocardiographic changes in chronic (J. A. Kilpatric). 309. 


580 











Effec 
Effec' 
Elect: 
Elect: 
Elect 
Elect 
Elect 
Endo 
Endo 


Fibre 
First 
Fluor 


Gallo 
Gene 
Gibs¢ 


Healt 
Hear 
Heart 
Hear' 
Hyda 
Hype 
Hype 
Hypc 


Incip 
Insid: 
Inter! 


Khell 


Lead 
Liver 
Lung 


Sane Soe 


YP 2 





















































INDEX OF SUBJECTS 


D 


Development of the conducting system in the heart of sheep (E. J. Field). 129. 
Dissecting aneurysm of the aorta in mother and child (G. J. Griffiths, A. P. Hayhurst, and R. Whitehead). 364. 


E 


Effect of deep inbreathing in lead III of the electrocardiogram (William Evans). 457. 
ffect of priscol on the peripheral venous pressure (K. Baun and C. H. Fryd). 294. 
Electrical resistance of a patient, Clinical measurement of the (P. Jeanneret). 43. 
Electrocardiogram associated with low levels of serum potassium (P. M. McAllen). 159. 
Electrocardiographic changes in chronic cor pulmonale (J. A. Kilpatrick). 309. 
Electrocardiographic patterns in slight coronary attacks (Cornelio Papp and K. Shirley Smith). 17. 
Electrocardiographic studies during operation for coarctation of the aorta (M. M. Alimurung and R. S. Smith). 203. 
Endocardial fibrosis (I. Gray). 387. 
Endocarditis treated with chloramphenicol, Actinomyces muris (J. F. Stokes, I. R. Gray, and E. J. Stokes). 247. 


F 
Fibrosis, Endocardial (I. Gray). 387. 
First effort angina: second wind in angina pectoris (R. Kemball Price). 197. 
Fluorescein test of circulation time in peripheral vascular disease (A. G. MacGregor and E. J. Wayne). 80. 


G 


Gallop rhythm in hypertension, Clinical significance of (B. E. Miles). 327. 
General anesthesia and cardiac inhibition (M. Johnstone). 47. 
Gibson, A. G. (Maurice Campbell). 255. 


H 


Healthy subjects, Vectorcardiogram in 100 (W. Brigden and J. Shillingford). 233. 

Heart disease, Nutritional (A. D. Gillanders). 177 

Heart failure: relation of anatomical, functional, and circulatory changes, Liver in (S. Sherlock). 273. 
Heart in myotonia atophica (J. D. Spillane). 343. 

Hydatid heart disease with paroxysmal tachycardia (M. H. Ghanem and A. E. Darwish). 109. 
Hypertension, Clinical significance of gallop rhythm in (B. M. Miles). 327. 

Hypertonic salt solution intravenously as a test for coronary disease (P. Bardin and T. Doliopoulos). 353. 
Hypotension, Postural: Localization of the lesion (D. Verel). 61. 


Incipient symmetrical peripheral gangrene complicating pneumonia (O. Storstein). 411. 
Insidious thrombosis of the abdominal aorta (J. F. Goodwin and E. Petrie). 554. 
Interlobar hydrothorax in cardiac failure (R. F. Robertson). 112. 


K 
Khellin in angina of effort, Further experience with (H. A. Dewar and T. A. Grimson). 248 


L 


id III in the electrocardiogram, The effect of deep inbreathing in (William Evans). 457. 

er in heart failure: relation of anatomical, functional, and circulatory changes (S. Sherlock). 273. 

ung volume in low output cardiac syndromes (D. G. B. Richards, A. G. W. Whitfield, W. M. Arnott, and J. A. H. 
Waterhouse). 381. 


—- 


ree 


M 


Measurement.of blood circulation-time, Theophylline-ethylenediamine in the (D. N. Ross). 56. 
Measurement of blood flow by the local clearance of radioactive sodium (H. Miller and G. M. Wilson). 227. 
hods for measuring the resistance at any point on the body and for equalizing inequalities of skin resistance 
(E. Goldberger). 549. 
M-ocardial infarction, Peripheral gangrene in (W. G. A. Swan and C. B. Henderson). 68. 
Mvocardial infarction, Prodomal symptoms in (J. P. D. Mounsey). 215. 
Mvotonia atrophica, The heart in (J. D. Spillane). 343. 
M: xoma of the heart with neurological signs (P. Mills and M. Philpott). 115. 


N 


Neurological signs, Myxoma of the heart with (P. Mills and M. Philpott). 115. 
N: ‘ritional heart disease (A. D. Gillanders). 177. 








582 INDEX OF SUBJECTS 


Oo 


(Csophageal and other leads in posterior cardiac infarction (Terence East, S. Oram, and M. Holt). 475. 

(Csophageal lead (C. W. Curtis Bain). 

Csophagus, The variability of ventricular potentials at the diaphragmatic level of the (I. G. Kroop, M. F. Steinberg 
and A. Grishman). 369. 

Operation for coarctation of the aorta, Electrocardiographic studies during (M. M. Alimurung and R. M. Smith). 203 


Pain confined to effort, Cardiac infarction with (E. G. Wade and Morgan Jones). 319. 
Parkinson, Sir John: An Appreciation (Paul D. White). 421. 

Paroxysmal nodal tachycardia with retrograde heart block (J. A. Cosh). 74. 

Paroxysmal tachycardia, Hydatid heart disease with (M. H. Ghanem and A. E. Darwish). 109. 
Patent ductus arteriosus, A new angiocardiographic sign in (R. H. Goetz). 242. 

Peripheral circulatory changes associated with arteriovenous aneurysms (G. M. Wilson). 334. 
Peripheral gangrene in myocardial infarction (W. G. A. Swan and C. B. Henderson). 68. 
Peripheral vascular disease, Fluorescein test of circulation time in (A. G. MacGregor and E. J. Wayne). 80. 
Peripheral venous pressure, The effect of priscol on the (K. Braun and C. H. Fryd). 294. 
Phonocardiogram of aortic stenosis (A. Leatham). 153. 

Pneumoconiosis of coalminers, Right ventricular hypertrophy in the (A. J. Thomas). 1. 
Postural hypotension: the localization of the lesion (D. Verel). 61. 


Prevention of impending cardiac infarction by anticoagulant treatment (K. Shirley Smith and Cornelio Papp). 467. 


Priscol on the peripheral venous pressure, The effect of (K. Braun and C. H. Fryd). 294. 

Proceedings of the British Cardiac Society. 569. 

Prodomal symptoms in myocardial infarction (J. P.D. Mounsey). 215. 

Pulmonary artery, Visible pulsation in relation to blood flow and pressure in the (Maurice Campbell). 438. 
Pulmonary oedema, The radiology of (F. Jackson). 503. 

Pulmonary stenosis, Unipolar electrocardiogram in (R. M. Marquis). 89. 

Pulmonary stenosis with normal aortic root (D. G. Abrahams and Paul Wood). 519. 

Pulse, The ancient art of feeling the (D. Evan Bedford). 423. 


Q 
Q-T interval in rheumatic disease in children (L. M. Taran and N. Szilagyi). 10. 


R 


Radioactive sodium, Measurement of blood flow by the local clearance of (H. Miller and G. M. Wilson). 227. 

Radiology of acute pulmonary cedema (F. Jackson). 

Resistance at any point on the body and for equalizing inequalities of skin resistance, Methods for measuring the 
(E. Goldberger). 549. 

Retrograde heart block Paroxysmal nodal tachycardia with (J. A. Cosh). 74. 

Rheumatic disease in children, The Q—T interval in (L. M. Taran and N. Szilagyi). 10. 

Rheumatic ee Splenic enlargement in congestive heart failure and active (M. Ibrahim, A. Sorour, and A. 
Elsherif). 212. 

Rheumatic pericarditis in early childhood (E. G. Fox). 409. 

Right ventricular hypertrophy in the pneumoconiosis of coaiminers (A. J. Thomas). 1. 


S 


Second wind in angina pectoris, First effort angina: (R. Kemball Price). 197. 

Serum potassium, Electrocardiogram associated with low levels of (P. M. McAllen). 159. 

Sheep, Development of the conducting system in the heart of (E. J. Field). 129. 

Skin resistance, Methods for measuring the resistance at any point on the body for equalizing inequalities of (E. 
Goldberger). 549. 

Splenic enlargement in congestive heart failure and active rheumatic infection (M. Ibrahim, A. Sorour, and A 
Elsherif). 212. 

Starling, H. J. (S. W. Patterson). 258. 

Systolic murmurs in 525 healthy young adults (I. McD. G. Stewart). 561. 


T 


Theophylline-ethylenediamine in the measurement of blood circulation-time (D. N. Ross). 56. 
Tuberous xanthomatosis (Duncan Leys). . 
T waves, The significance of notched upright (W. Dressler, H. Roesler, and H. Lackner). 496. 


U 
Unipolar electrocardiograms in pulmonary stenosis (R. M. Marquis). 89. 








\ asc 
Vent 


Vect 
Visit 


Wilk 


Xant 





INDEX OF SUBJECTS 583 
Vv 


\ asoconstrictor responses in the skin of man, Cold and warmth (J. Grayson). 167. 

Ventricular potentials at the diaphragmatic level of the esophagus, The variability of (I. G. Kroop, M. F. Steinberg, 
and A. Grishman). 369. 

Vectorcardiogram in 100 healthy subjects (W. Brigden and J. Shillingford). 233. 

Visible pulsation in relation to blood flow and pressure in the pulmonary artery (Maurice Campbell). 438. 


Ww 
Wilkinson, K. D. (C. G. Parsons). 566. 


Xanthomatosis, Tuberous (Duncan Leys). 32. 








